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driven by a 36,000/40,000 h.p. vertical- 
shaft reaction turbine. 


This is a single-unit unattended station, 
the generating set operating completely 
automatically, and is one of the largest 
automatic hydro-electric units in the 
‘world. The turbine runs at 300 r.p.m. 
under a head of 320 ft. 
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Terminating Gantry at Castelo do 
Bode, showing substation and trans- 
former house in background. 

















66 miles of 150 kV overhead lines 
capable of conveying 60 MW of electric 
power to the Portuguese capital were 
erected in 15 months-within the contract 


completion date. 





General view of transmission line carried 
by intermediate type towers. 
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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 





Finance 


NY new hydro-electric project, when considered 
from the financial aspect, can be assessed 
broadly on its initial capital cost or the ultimate 

rate at which power on a large scale can be sold 
industrially and domestically. Which of the two 
factors should come first is a matter of opinion, but 
also a matter of importance; and the alternatives have 
their own supporters and opponents. 

If we are to face this position squarely the argu- 
ments on the one hand refer to the ability to bear 
the heavy financial outlay involved in new under- 
takings, and on the other to the final and permanent 
benefit unquestionably to be derived by every form 
of economic activity from the super-abundance of 
cheap power which the hydro-electric scheme, out- 
standingly among all other forms of modern power 
production, is able to provide. 

In the present days of economic stringency it has 
become almost a trite saying that “ the company (or 
the state or even the individual) cannot afford this or 
that.” Often, admittedly, there is truth in the assertion, 
especially if the expenditure is not of first importance. 
Yet expense is not the sole yardstick by which to 
reach a decision, even in days of stringency. Where, 
as in the case of the biggest hydro-electric schemes, 
the forward position has to be brought into reckoning, 
heavy expense can be—in fact is being—justified by 
those who attach importance to providing for what 
we may call the long term future. 

Australia is to-day, and doubtless will be regarded 
more so in the future, the classic example of this long 
term thinking and planning in a practical way and 
in the grand manner. Her gigantic programme of 
national development, now beyond the blue-print 
Stage, will, it is estimated, absorb something like 
£A250 million a year at first; and her experienced 
and far-seeing Minister for National Development, 
Mr. R. G. Casey, places such mammoth undertakings 
as the Snowy River £A200 million power and irriga- 
tion scheme right in the foreground. 

Expert authorities estimate that power from the 
Snowy River scheme, now in its earliest stages, will 
be produced at about half its present cost, and at the 
same time will save millions of tons of coal a year 
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for more profitable treatment than the wasteful pro- 
duction of other forms of energy. Further, this great 
concept of fruitful development of an entire continent 
will mean big opportunities for migrant labour. Side 
by side with water power will come expansion of coal 
production and utilisation, the search for oil, modern- 
isation of industry generally, and the establishment 
of other revenue-earning projects. The Government 
will be importing large quantities of excavating and 
other equipment from Britain, the United States and 
elsewhere. Oversea firms are being encouraged either 
to transfer to Australia or to establish branches of 
their organisations within its borders. 

Another facet of this far-reaching, far-seeing long 
term planning in the power field is the life span of 
the hydro-electric installation, with its immeasurable 
advantage over all other forms of generation. Against 
a life potential of thirty years for steam plant the 
hydro-electric undertaking can be assessed on a life 
of at least a century, and with a large proportion of 
maintenance costs virtually eliminated. These are 
considerations, moreover, which apply irrespective of 
the location of a station. 

For the practical demonstration of saving in ulti- 
mate cost of power supplies, Canada provides an 
incontrovertible answer. In that great Dominion over 
the last forty years commodity prices generally (and 
therefore the cost of living also) have been subject to 
wide fluctuations, mostly in an upward direction. By 
sharp contrast the trend of over-all cost of electricity, 
as well as that of domestic electricity services, has 
been consistently downward. In Quebec, which has 
some of the largest hydro undertakings of the country, 
the per kWh cost of 0.36 cent is the lowest of all 
regions of the American continent. 

As to initial costs a glance at the position and 
prospects in Europe affords a significant illustration 
of how to encompass expenditure that is beyond the 
resources of an individual state. Unanimously the 
experts of the Organisation for European Economic 
Cooperation adopted plans for scientific and technical 
cooperation in Western Europe and made them the 
basis of a five point programme of collaboration. 
These plans emanated from the United Kingdom, and 
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in recommending them the experts declared that “only 
the practical cooperation of the sort envisaged by the 
United Kingdom can maximise the benefit to all 
participants of the end product of their individual 
efforts.” In practice this means a further application 
of those working arrangements between the United 
Kingdom, the Commonwealth and the United States 
which already have resulted in marked mutual 
advantages. 

Through the sharing of high cost and technical skill 
by more than one country, schemes eminently desir- 
able (but individually unobtainable) can be brought 
well within the realm of practical achievement. When 
it is remembered that Europe, on reliable estimates 
in the last three years, has 68 million horse-power 
potentially available, but little more than half that 
quantity represented by installed capacity, the im- 
portance of further developments in the cause of 
European recovery becomes obvious. 

In an age when scientific research constantly em- 
phasizes the wastefulness of our use of the Earth’s 
natural resources in so many directions, it is surely 
a reproach that water power of the world at large is 
permitted to waste its inexhaustible energy to such 
an enormous extent. Thus far only 90 million horse- 
power, or about nine per cent of the world’s 
economically available water power potential of 1,100 
million horse-power has been harnessed. The upper 
and nether ends of development in this respect are 
represented by North America, with about 41 per cent 
of world installation and 12 per cent of potentiality; 
and Africa, with 41 per cent of the world potentiality 
at normal minimum flow, but only 0.4 per cent of 
total installation. The United States Department of 
the Interior puts 664 million horse-power as the 
estimate of potentiality available at 100 per cent 
efficiency and ordinary minimum flow. In the light 
of Canada’s remarkable experience this potentiality 
would warrant a commercial installation over 160 per 
cent as large, or approximately 1,100 million horse- 
power distributed by continents. 

It is on the international rather than the national 
aspects of hydro-electric development that emphasis 
must be laid in the next decade. National enterprises, 
as we have pointed out, have provided two outstand- 
ing examples that support this statement—Australia 
in the development of tremendous potential wealth by 
wise use of her water power resources; Canada in the 
great benefits to the entire community that have 
accrued from nearly half a century’s advance in 
hydro-electric practice. Europe, through the O.E.E.C., 
can now provide a third example—that of cooperation 
to ensure that finance alone shall not be an insuper- 
able obstacle to important works that have within 
them the seeds of great benefits for ail. 

World recovery and prosperity thus may be achieved 
a generation hence. As the late Joseph Chamberlain 
once said of his bold Imperial concepts: “ Others of 
our race, not we, the issue of our toils shall see.” 


British Electrical Power 
Convention 


Tue second British Electrical Power Convention 
was held at Harrogate from June 19 to June 24, under 
the presidency of Sir V. Z. de Ferranti, M.C. Among 
the papers presented was one by Sir Henry Self, 
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K.C.B., Comp.1.E.E., deputy chairman (administra- 
tion) of the British Electricity Authority, on the 
“Economics of Electricity Supply.” 

The paper showed that the authority’s annual coal 
consumption, which amounted to over 28 million 
tons, accounted for 65 per cent of the total cost of 
generation. This percentage had steadily risen from a 
figure of 54 per cent in 1938. Hydro-electric engineers 
will take a special interest in these figures, since 
whatever may be the increase in their own capital 
costs, in regard to generating plant—the “fuel” cost 
remains always the same. Again, Sir Henry Self also 
mentioned that coal freight rates had risen since 
1948-49 from 155 per cent of the pre-war figure to 
180 per cent, and now accounted for over 15 per cent 
of the cost of generation. This is another item with 
which hydro-electric engineers are not concerned. 

Of £116 million of capital expenditure for 1950 
allocated to electricity, the North of Scotland Hydro- 
Electric Board’s share is £14 million, while steam 
generating plant takes £54 million, main transmission 
£5 million, and maintenance and repair £8 million. 

The Authority had plans for increased hydro- 
electric development in North Wales, but elsewhere 
in England and Wales there was little prospect of 
increased water power resources. The Scottish 
schemes, now in the course of development, would 
make a valuable contribution. 

Almost all the principal British electrical manufac- 
turing firms took part in an extensive exhibition held 
in connection with the convention, including many 
associated with the design and construction of water 
power plant. 


India’s Weather Research 


[NDIA is now taking steps to record long-term data 
on weather, a subject discussed in the last issue of 
Water Power. The Council of Scientific and Industrial 
Research for India is examining reports of expedi- 
tions sent to the Himalayas for selecting a suitable 
site for the building of a high altitude research station 
in the mountains as a guide, among other objects, 
to potential hydro-electric and other schemes. Fol- 
lowing expeditions to Sikkim, Jamnotri and Lahaul 
two points have been provisionally chosen, one in 
Sikkim and the other in Lahaul, at a height of over 
15,000 feet. Three small meteorological observation 
stations are proposed, one each at the Sikkim and 
Lahaul sites, and one in the Alakhnanda Valley near 
Badrianth for a year to test conditions with auto- 
matic recording instruments. An expert committee 
will make the final choice after considering the re- 
ports on these scientific investigations. Another expert 
committee is to take up the study of storms on the 
east and west coasts of India. 


£8 million Development Plan 


In the next couple of months the Commonwealth 
conference’s £8 million aid scheme for south-east 
Asia countries will start shaping itself in preliminary 
work. The money allocated will be spread over three 
years, but recommendations from the conference 
early in the summer are much more forward look- 
ing. They include, for example, a six-year plan for 
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economic development, with its essential prerequisite 
of cheap power supplies. South-east Asia countries 
are to submit by the beginning of September the 
reports on their economic situation and their de- 
velopment programmes. These will be discussed at 
the next Commonwealth conference in London dur- 
ing September. 


Oversea Engineers Examine Scottish Hydro- 
electric Schemes 


ENGINEERS from Australia, France, Italy, Nor- 
way, Greece and the Philippines made an extensive 
tour of hydro-electric schemes in the Highlands of 
Scotland last month. The visit was arranged by the 
British Council. The itinerary included visits to 
schemes at different stages of development—each 
adapted to meet special needs and special conditions. 
The Tummel-Garry, Loch Sloy, Fannich, Mullardoch- 
Fasnakyle-Afric and Glen Shira schemes were among 
those seen and engineers at each site conducted the 
party round, and explained the technical problems 
involved. 


Damodar Valley Loan 


THE International Bank of Reconstruction and 
Development has granted an 18.5 million dollar loan 
to India for the further development of the Damodar 
Valley, including flood control and electrical power 
generation and transmission as well as irrigation. 
The loan agreement was signed in Washington by 
the Indian Ambassador to the United States (Mrs. 
Vijaya Lakshmi Pandit) and Mr. Robert Garner, 
Vice-President of the International Bank. The loan 
will finance part of India’s dollar payments in the 
United States and Canada for machinery required 
in the Damodar Valley project, the balance coming 
from India’s own resources. In making the loan for 
20 years with 3 per cent. interest and 1 per cent. 
commission, the International Bank states that a 
substantial increase in the availability of electrical 
energy in the valley region would be a key factor 
in raising the coal output of India and in lowering 
the cost of coal production. “ The Damodar Valley, 
with its rich mineral deposits, is a favourable site 
for a number of heavy industries using iron, steel and 
other basic raw materials.” India has already obtained 
two other loans for the purchase of locomotives and 
agricultural machinery. 


Power Projects in the Philippines 


Mr. FILEMON RODRIGUEZ, general manager 
of the National Power Corporation, has outlined a 
five-year hydro-electric programme for the philip- 
pines, which he says will go a long way towards pro- 
viding a well balanced economic development for the 
country as part of a combined agricultural, power 
and industrial programme. 

His subbestions are first, that the densley populated 
areas from La Union and Benguet to the southern 
Tagalog province should be served by the construc- 
tion o fthe Ambuklao and Bifiga projects on the 
Agno river, with a total capacity of 175,000 kW, 
together with the Lumot river diversion project to 
supply the 10,000 kVA additional unit in the Cali- 
raya plant, and also the necessary transmission lines. 
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Secondly, construction of the Maria Cristina project 
on the Agus river in Mindanao, with an initial 
capacity of 80,000 kW. This plant would feed a large 
chemical fertiliser factory nearby, to assist in agri- 
cultural development in the area. Thirdly, he suggests 
the construction of a number of small projects scat- 
tered over the country, with a total capacity of 
8,000 kW to replace small thermal generating units 
now existing. 

Among the gains to the Philippine communities, 
arising from the implementation of these projects, 
Mr. Rodriguez suggests that a very large saving in 
fuel imports, totalling approximately 33 million 
Philippine dollars will accrue, as well as a saving in 
import costs of fertiliser; and the availability of this 
vital aid to agriculture will result in vastly increased 
production. 


Prospecting in New Guinea 


THE Australian Government has decided to form, 
in conjunction with the British Aluminium Com- 
pany, an organization to be known as the New 
Guinea Prospecting Company which will have as its 
principal object the location and development of 
large capacity hydro-electric schemes suitable for 
use in industry, particularly aluminium. The venture 
is a purely exploratory one and it is likely to be a 
considerable time before the new company, which 
will operate with a nominal capital of £100,000, is 
able to make its first report on potential sites in 
New Guinea. Prospecting surveys will also embrace 
searches for bauxite and other minerals. 


Metropolitan-Vickers Jubilee 


Firry YEARS have elapsed since British West- 
inghouse, later to become world famous as 
Metropolitan-Vickers Electrical Company, first began 
operations at Trafford Park. The period is marked 
by a phenomenal advance in scientific and techni- 
cal progress; to this progress Metropolitan-Vickers 
has had much to contribute and has been ever ready 
to share the burdens of leadership. 

To celebrate this occasion the company has pre- 
pared a handsome Jubilee volume and in its 250 
pages are packed some hundreds of interesting 
photographs and a text that not only gives a history 
of electrical engineering but tells a story of the 
human endeavour that is always such an important 
component of achievement. 

From the outset the works were planned on the 
grand scale and the expansion which has followed 
indicates how sound was the organised planning and 
how well grounded were the conceptions of the 
founders. Faith may move mountains but it will not 
build electrical equipment unless it is backed by 
knowledge, and that the faith and knowledge have 
never been lacking is amply demonstrated by the 
vast ramifications of the Metropolitan-Vickers or- 
ganisation of to-day. As the authors of the book can 
so justly state “new devices and developments 
tumbled out of the works in an almost continuous 
cascade, and inasmuch as the future belongs to the 
past there is a sure guarantee that the cascade will 
continue to flow in an ever increasing volume and 
an ever widening stream.” 
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Ceira dam ( Portugal) under construction 
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Pump Storage Systems 


By A. VOSKA (Escher Wyss et Cie). This article outlines the purpose 
of hydraulic storage, discusses the characteristic features of the plant 
used and gives the hydraulic fundamentals for successful operation. 





L’article ci-dessous étudie les principes qui régissent 
linstallation des stations génératrices a _ réservoir 
d'accumulationet donne les lois hydrauliques fondamen- 
tales de leur fonctionnement. Le nombre des stations 
installées jusqu’ici teémoigne du succés de l'emmaga- 
sinage sur le plan économique; importance de telles 
Les pompes d’accumula- 
leur 


installations est croissante. 
tion sont aujourd’hui de taille 
déclare Il’ auteur, 


gigantesque; 
évolution récente, n'est rien moins 
que frappante; des groupes ont été construits dont le 
débit atteint 62,000 h.p. et la puissance due matériel 


actuellement a l'étude atteindra 73,000 h.p. 


En este articulo se discuten los principios de las 
instalaciones hidroeléctricas de almacenaje de agua y 
se facilitan datos fundamentales hidrdulicos relativos 
a su funcionamiento. En la actualidad se puede 
aceptar el éxito del almacenaje hidrdulico a base del 
numero de las instalaciones ya construidas, y sus 
proporciones van aumentado. Los desarrollos que 
han tenido lugar durante estos ultimos anos, dice el 
autor, en materia de bombas de acumulador hasta 
alcanzar los enormes grupos que pueden verse en los 
tiempos presentes, no pueden menos que ser con- 
siderados como verdaderamente extraordinarios; se 
han construido grupos dotados de producciones hasta 
62,000 H.P. y en la actualidad se estan disenondo in- 
stalaciones para 73,000 H.P. 





HE purpose of a pumped water-storage hydro- 
"Taam plant is to pump water, at off-peak periods 

of electric demand, by means of surplus power, 
into a high level reservoir in order to utilise the stored 
energy at periods when it is most needed. This con- 
version process is naturally not without losses in which 
the respective efficiencies of transformer, motor- 
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generator, turbine, pump and pipeline all play their 
part. Having regard to the high efficiency with which 
modern electrical and hydraulic equipment now 
operate, however, these losses can be kept down to 


Fig. 1. High level accumulator lake of 396 m. cu. ft. 
capacity 














Fig. 2. Diagram showing principle of hydraulic 
accumulator plant 
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pumps built by Escher Wyss 
since 1920, showing maximum 
outputs 


reasonable limits and can be 
compensated by a _ corres- 
ponding upgrading of the 
economic yield of power. 
The idea of water storage in- 
stallations is by no means 
new, but the development of 
accumulator pumps in recent 
years into the immense units 
they now assume cannot be 
regarded as other than strik- 
ing. Sets have been built with 
outputs of up to 62,000 h.p. 
and plants for 73,000 h.p. are 
in the project stage. 

The economic success of 
hydraulic storage can now be 
accepted on the basis of the 
number of plants so far built. 
Escher Wyss, for example, 
have alone constructed ac- 
cumulator pumps with an 
aggregate input of approxi- 
mately 722,000 h.p. This high 
figure (see Fig. 3) is sufficient 
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tionally high back pressure 


at a greater or lesser height; 
at allotted times the water is 
allowed to flow back through 
the same pipeline to a turbine 
which, in turn, provides the 
necessary driving power for 
the motor which now acts as 
a generator. The high-level 
reservoir may, of course, be a 
natural lake as shown in Fig. 
|, the water content of which 
can be augmented by these 
means, particularly when the 
normal inflow is small. Arti- 
ficial basins have also been 
constructed in concrete. 

Water storage installations 
may be conveniently dif- 
ferentiated as high, medium 
or low pressure according to 
the head of the storage basin, 
but low-pressure plants are 
naturally comparatively rare. 

This does not mean that the 
accumulator set must neces- 
sarily consist of a combina- 
tion of turbine, motor, 
generator and pump, as there 
are some which have nothing 
to do with current generation 
and thus have no_ turbine. 
They are intended as indirect 
feeders of a power station in 
that they collect the water 
from a distant area and add it 
to the capacity of a lake 
which feeds a separate hydro- 
electric station (Fig. 4). 

In laying out a new plant, 
the specific speed n, of the 
pump is of importance. 
Relating the total mano- 
metric head H, the suction 
head H, and the _ baro- 


Fig 9, right. Test model for 
accumulator pump for 62,000 
h.p. drive; a view of the final 
full scale pump based on this 
model will be reproduced in 
Part II of this article 
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Fig. 8. Accumulator pump provided with flywheel 
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Fig. 10. Illustrating the arrangement of the von 
Roll control valve 







commission with an 
operating feed-head 
of no less than 750 
ft. 


Typical of most 
installations is the 
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variability of the 
upper and lower 
water levels. This cir- 
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metric height B, and disregarding the temperature— 
as we are considering cold water in the present case 
we have the equation: 

H,=B,-cH - - - (1) 
where o is the cavitation coefficient dependent on n,. 
Thus, with a given specific speed which, for reasons 
of price and efficiency should not be selected too low 
and furthermore should be suited to the n, of the 
turbine in order to avoid cavitation at the runner 
inlet, the suction head must be adapted to a value of 
o which is known from research and practical experi- 
ence to be suitable. This symbol, which governs the 
suction conditions of the pump to a large extent, also 
influences the cost of the plant. Generally a drowned 
suction is contrived, that is to say, the water is fed 
to the pump under a slight positive pressure. 

In mountainous regions it sometimes happens that 
the water to be accumulated 
is taken from a basin well 
above the level of the pump- 
ing station and in_ such 
instances, of course, cavita- 
tion plays no part. Fig. 6 
gives a diagram of an 
exceptionally high _ back- 


pressure of this kind, the head 
of the feed being 500 ft., and 
a plant designed by Escher 
Wyss has been put into 


Fig. 12, right. Stroboscopic 
photograph of the inlet of a 
model runner; the light places 
are due to cavitation at the 
edge of the blade. The inlet 
pressures for both photo- 
graphs were in the ratio of 
4.9:1. There is slight fading 
off in the left-hand picture 
and marked and_ diffuse 
fading off in the right-hand 
picture 
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cumstance may lead 
to considerable varia- 
tion in the delivery 
heads which the 
pump must be able to 
RING SLUICE cope with at any 
VALVE time. In designing 
the impellor, this represents a problem calling for 
painstaking investigation. 
An interesting example of a constant high-level 
water storage system combined with widely varying 
tail water level is shown diagrammatically in Fig. 7. 
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Fig. 11. Curves showing shutting-off test, Costa- 
brunella plant, calculated on a theoretical basis. Tests 
on site established a head of 1,550 ft. and a maximum 
head of 2,525 ft. was found at the foot of the pressure 
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Fig. 13. Longitudinal section through one of the 
Tremorgio accumulator pumps 


This is an installation without electrical generation. 
Four sets, consisting solely of pump and motor, each 
of 1,275 h.p. take their water from an artificial lake 
6,900 ft. above sea level and having a capacity of 
some 4,500 million gallons. The depth of the lake 
varies from 250 to 5 ft., but the upper water level 
remains constant. The water is pumped into a basin 
whence it flows by gravity to the main storage reser- 
voir. The total manometric head of the pump is be- 
tween the limits 380 and 560 ft. 

Account having been taken, using equation (1), of 
the requirements of the suction side of the pump, 
other conditions must be met on the delivery side. 
The main aim will be to limit, to a value which will 
not endanger the pipeline, the pressure shock due to 
sudden interruption of electric flow. Essentially this 
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is prevented by the closing of the stop valve at a pre- 
determined rate. 

The pressure variation A h is consequential to the 
alteration in the velocity of the water Co to C and 
is also a function of the length L of the pipeline, of 
the velocity of propagation a of the pressure wave as 
well as of the time of reflection 7. The basic equations 
for determining Ah at any moment, say in the “i” 
phase, are: 

a i 


=} 
Ah, A im -O-22 sn | 
; | 


OL (2) 
t2 oe. 
a 


With regard to the drop in speed arising from the 
interruption of the electric flow, the moment of 
inertia, GD* of the rotating masses plays an impor- 
tant part. It is essential that the design should allow 
for this being of a sufficiently high value, particularly 
with small sets, and it is se- 
cured where necessary by 
adding a separate flywheel 
(Fig. 8). The solution of the 
pressure shock question for 
given conditions of a plant is 
one of the most important re- 
quisites for reliable operation.* 

With large accumulator 
pumps, the manufacturer 
runs a great risk if he begins 
construction before he has 
first obtained test results from 
a model pump in all respects 
similar, from a _ hydraulic 
standpoint, to the full scale 


*See Dr. Schnyder “‘Drucktdsse in 
Pumpensteiglei tungen’’ (Pressure 
Surges in Rising Mains from 
Pumps), Schon. Bau-Zeitung, 

1929, p. 271. 


Fig. 14. Tremorgio plant with 
two parallel-connected, high- 
pressure pumps for 3,020 ft. 
delivery head, giving together 
an output drive of 12,800 h.p. 
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Fig. 15. Control system of Costabrunella pump 


machine (Fig. 9). The test of the model must confirm 
that the guaranteed efficiency is attained from a quali- 
tative point of view and, also, from the quantitative 
standpoint, that the correct volume of water 
is delivered to the height specified. The cavitation 
properties of the runner have likewise to be determined 
and this is done by stroboscopic observation 
of the runner inlet though an inspection window. Test 
methods are now so far im- 
proved that it is possible to 
photograph cavitation, Fig 12 
giving two examples in point. 
At the same time visual ob- 
servation is accompanied by 
measurement of the pressure, 
delivery and efficiency. Cavi- 
tation is associated with a 
certain suction head and 
leads to a fall in delivery and 
drop in the efficiency. The 
purpose of the tests is to de- 
termine the form of impellor 
vane which will minimise 
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The size of an accumulator plant is governed by 
the available electrical energy. If these are variable, 
the plant can be made up of several sets in order to 
get better adaptation to the load and thus increase 
the efficiency of the plant as a whole. A practical 
example is afforded by the Tremorgio station, Fig. 14, 
where two nine-stage pumps share the pumping load. 
The set consists of a motor-cum-generator direct- 
coupled at one end to an impulse turbine running at 
750 r.p.m.; at the same side there is a flexible claw 





















these losses; that is, they will 
only begin to occur when the 
suction head is excessive. 





Fig. 16. Seven-stage accumu- 
lator pump of the Costa- 
brunella plant for 8,200 h.p. 
drive and 2,200 ft. delivery 
head; see Fig. 6 
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Fig. 17. Shutting off diagram of Tremorgio pumps 


coupling which can be engaged when stationary, 
driving through double step-up gears running at 
750/1,000 r.p.m. and a pair of flexible couplings on to 
the two pumps each of which takes one half the 
12,800 h.p. available. Each pump is capable of de- 
livering 90 gallons per sec. against a total head of 
3,000 ft., mainly during the summer months, to a 
lake 6,000 ft. above sea level from which the water 
is taken in winter to drive the turbine. 


Controlling the Plant 

The accumulator operation is started by coupling the 
pump, previously primed by means of an ejector, and 
running up the turbine, synchronising with the busbars 
when synchronous speed has been attained. By shut- 
ting off the turbine nozzle and opening the main valve 
the motor can be run at full output, the turbine, of 
course, running idle with nothing but air in the casing. 
The control mechanism of the von Roll valve is shown 
in Fig. 10. After turning the handwheel 11, the valve 
6 opens in virtue of the water pressure operating on 
the piston 9 through the control valve 10. A return 
guide provides for stopping at the partial stroke 
desired. The heat generated in the pump during the 
Starting period is carried off through the open valve 
12. This valve closes automatically when a certain 
opening of the main valve is attained. As soon as the 
Sluice valve is fully open, the plant is in full operation, 
valve | being held in the open position by the flow 
of water. Stopping is normally carried out by an 
inverse series of operations. With the valve fully 
closed, the minimum power requirement of the pump 
is obtained and the motor is switched off. With a 
sudden failure of flow, valve | is promptly closed by 
means of the spring 2. Through nozzles 5 in the valve 
plate, however, and through the by-pass 3, a volume 
of water can flow which is at least equal to the normal 
delivery. After closing the valve 6, the plant is out 
of operation. The design of the pump can be seen 
from the section elevation reproduced in Fig. 13. The 
cast steel housing was tested under a pressure of 
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2,280 Ib. per sq. in. Measurements in the load drop 
tests showed a rise of pressure at the foot of the pipe- 
line of 15.5 per cent. on cutting out one pump, and 
11 per cent. on cutting out both pumps together (Fig. 
14). 

A pump of similar construction is shown in Fig. 16. 
This is a seven-stage 1,000 r.p.m. unit installed at the 
Costabrunella plant of the Soc. Industriale Trentina, 
Trento, and delivers 180 gallons per second thus 
doubling the quantity of water available at a delivery 
head of between 2,000 and 2,200 ft. The maximum 
power required is 8,200 h.p. The arrangement of this 
plant, 4,170 ft. above sea level, may be seen from the 
diagram, Fig. 6. The set consists of an impulse turbine 
direct coupled to the motor-cum-generator and a 
pump which, when stationary, can be put into gear 
with the motor by means of a dog clutch. 


Starting and Stopping 

Starting up follows the normal process: filling the 
pump, coupling the motor, bringing it up to speed by 
driving through the turbine and then synchronising. 
After the motor picks up the load the turbine nozzle 
is closed and the turbine runs idle. This plant is note- 
worthy on account of the length of the pressure pipe- 
line, 6,300 ft., and of the long suction line, 1,050 ft. 
The shut off mechanism (Fig. 15) had therefore to be 
given special attention. Valve a on the suction side 
remains open permanently. It is closed only when an 
overhaul of the pump is contemplated or when the 
plant is out of operation for a considerable time. Its 
operation, controlled by handwheel b, is made de- 
pendent on the position of the von Roll main valve c 
in that the paw! d first releases the valve and at the 
same time opens the interlock e. On the other hand, 
pawl f and lever g provide that the valve can be shut 
only in the closed position of valve 1. This valve is 
opened or closed in two ways; first, in normal opera- 
tion, by hand actuation of lever h on the control equip- 
ment i, in which case it will be either fully opened or 
fully closed; and second when, in exceptional con- 
ditions, a fixed intermediate position is wanted, that 
is, throttling the pump; this is obtained by actuating 
the regulating valve j by handwheel k. The return 
motion / makes it possible to have a fixed setting 
in any position. In normal operation the return motion 
is out of gear and the valve j set to “open.” The 
valve movements are actuated by the servo-motor 
piston m by water under pressure taken from the 
delivery pipeline. Should a sudden stoppage of the 
flow occur, the control apparatus n provides for 
prompt closing, in that the solenoid o which is de- 
energised, allows the weighted lever p to fall and 
thus displaces n. By means of the throttle piston q 
the speed of closing can be regulated to within safe 
limits. Any heat generated in the pump during starting 
is discharged to atmosphere through valve r. The 
changeover valve s closes valve r after a certain 
opening of the sluice valve has been reached, and it 
remains at “ open” in the closed position of valve c. 
Fig. 17 illustrates the shutting-off test. 

(To be concluded) 





Rust Prevention.—A brochure issued by Manchester 
Oil Refinery (Sales) Limited deals with the positive 
prevention of corrosion by a.c. compounds. Many 
types are available, each of which has a different range 
of application. 
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An Underground Station 





By Dr. Ing. CARLO SEMENZA, Chief of the Hydraulic 
Construction Department of the Societa Adriatica di Elettricita. 





Une description détaillée des installations hydro- 
électriques que la Societa Adriatica di Elettricita a 
construites et mises récemment en opération sur la 
Lumiei, dans le nord-est des Alpes Carniques, en 
Italie. A l'exception des transformateurs et des com- 
mutateurs haute-tension, la station est entiérement 
souterraine. Elle a été construite dans le seul but de 
couvrir la pointe de charge en hiver. La capacité 
finale sera de 78,000 kV A, qui pourront étre débités 
en 1,500 heures de marche. 


Este articulo describe muy detalladamente la instala- 
cion hidroeléctrica de Lumiei que la Societa Adriatica 
di Elettricita lleva construida y que recientemente 
lleva puesta en servicio en la region del noroeste de 
los Alpes Italianos (Carnicos). La instalacion, aparte 
de los transformadores y de los mecanismos de 
distribucion de alta tension, esta enteramente alojada 
bajo tierra y ha sido diserada exclusivamente con el 
objeto de satisfacer cargas de punta durante los meses 
de invierno. Finalmente su capacidad serd de 78.000 
kVA _ y con esta instalacién prestando servicio serd 
posible concentrar la produccion dentro de 1500 horas 
de funcionamiento. 





HIS article gives leading particulars of the hydro- 
Tao plant of Lumiei which was recently put 

into operation in the north eastern part of the 
Italian (Carnic) Alps. The installation, apart from the 
transformers and high-tension switchgear, is housed 
entirely underground and has been designed with the 
object of meeting peak loads in the winter months. 
Ultimately its capacity will be 78,000 kVA and the 
output will be concentrated into 1,500 hours of 
running time. 

The Lumiei, a mountain stream entering the left 
bank of the Tagliamento river, flows through a valley 
which, in its upper part, opens into a wide basin with 
gentle, wooded slopes. At the lower end of this basin, 
in the region known as Maina di Sauris, the bed of 
the tributary changes from soft Lower Trias and 
Upper Permian strata to the tough limestone beds of 
the Middle Trias, through which a magnificent rocky 
gorge with almost vertical sides has been eroded. 
After flowing a further 5 km. the Lumiei joins the 
Tagliamento river at Socchieve. 

The erection of a dam to form a vast artificial lake 
at the entrance of the gorge was encouraged by the 
special nature of the ground, and after thorough 
investigation which extended over a number of years, 
the Societa Adriatica di Elettricita began construc- 
tional operations at the end of 1941. Notwithstanding 
the great difficulties brought about by the war the 
work was continued until the summer of 1944, when 
it had to be virtually suspended. It was resumed at 
the end of the war and was carried on intensively 
during 1946 and 1947. 

At the present moment the catchment area utilized 
by the plant (81 sq. km.) is that of the Lumiei and 
its tributary, the Novarza, the waters of which are 
also conveyed to the main reservoir. Work is already 
in progress for increasing the catchment area to 139 
sq. km. by including the water of the upper reaches 
of the Tagliamento river. 

The effective capacity of the reservoir has been 
fixed at 70 miilion cu. m. (actual 72,820 million) in 
accordance to the average flow to be expected from this 
catchment, and the power plant has been specifically 
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designed to ensure the winter production of power 
for a limited number of hours only. 

The dam is of the double-curve arch type (domed 
arch), with the curvature upstream; it is 136.15 metres 
in height and the cubic contents amount to 100,318 
cu. m. At the present moment it is the highest arched 
dam in existence although it will shortly be exceeded, 
by a few metres, by the S. Giustina dam, which is 
also under construction in Italy (Val di Non, Triden- 
tine Alps) by Societa Edison. The Ross dam in the 
United States, which will be higher still, has now been 
started. 

The Lumiei dam consists of an enormous curved 
monolith, perfectly symmetrical, with a top span of 
122.75 m. and a thickness at the principal section 
varying between 13.60 m. at the base and 3.49 at the 
top. In order to cope with exceptional floods the spill- 
way is level for a length of 50 m., and is sufficiently 
overhung downstream to cause the water to be dis- 
charged into the bed of the stream a considerable 
distance from the dam base. 


Constructional Details of dam 

The structure was built quite simply by imposing 
continuous layers of reinforced concrete, about 2 m. 
thick, on one another, the purpose being to transmit 
and distribute all the compression stresses to the rock. 
The lower part, which is slightly asymmetrical, is also 
the foundation. At the maximum width the elevation 
above sea level is 980 m., and at the minimum width 
it is 905 m.; the height of the roadway over the dam 
is 984.30 m. above sea level. 

The resulting reservoir also receives the river 
Novarza, which was diverted by means of a small 
dam having cylindrical arches 34.65 m. high and with 
a top width of 9.90 m. The inter-connecting tunnel is 
rectangular in section, 1.80 m. high by 2.10 m. wide 
and 2.950 m. long. 

The concrete for building a structure of such daring 
proportions had naturally to comply with an exacting 
specification. According to the present Italian regula- 
tions governing dams it had to attain in 90 days a 
compressive strength of 350 kg. per sq. cm. Moreover, 
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Lumiei dam showing progress of work, August 1946 
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it had to be prepared with great care to secure a 
consistent granulometry and with a cement which was 
capable of withstanding the action of water at a 
pressure of 13 atm. As the water of the Lumiei 
contains a slight proportion of selenite it was neces- 
sary to add 25 per cent of puzzolana to the aggregate, 
this being derived from quarries in the neighbourhood 
of Rome. 

For transporting the cement from the works to the 
dam site, it was necessary to build an overhead rope- 
way 18 km. long, the departure and arrival stations 
of which were located respectively at a height of 350 
and 985 metres above sea level, while an intermediate 
height of 1,420 m. had to be surmounted. Cylindrical 
containers of galvanised sheet were carried on suitably 
equipped trucks to the railway station nearest to the 
dam, and were transferred thence to the ropeway 
which was able to carry 120 cwt of cement an hour. 
At the dam the cement was unloaded into four large 
silos, holding a total of 4,000 cwt from which, by 
means of extractors and air pumps, it was passed to 
the automatic weighing machines and to the mixers. 

The concrete, consisting of rubble with maximum 
dimensions of 80 mm., had the following composition 
per cubic metre: 

Very fine cement (kg.) - - 30 
Cement (kg.) . - - 270 


Aggregate O— 4 mm. - - 365.5 
4—10 mm. - - 187.5 
10—40 mm. - - 700 
40—80 mm. - - 750 

Water (litres) - - - 144 
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Lumiei dam — Elevation and cross-section (below) 
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The aggregate was obtained from a cone-shaped 
quarry specially opened on the left bank, upstream 
from the crushing plant, and consisted of Middle 
Trias limestone. It was collected at the bottom of the 
shaft, 80 m. deep, constituting the neck of the funnel, 
and from which it was loaded on to trucks having a 
capacity of 0.5 cu. m. It was quarried at the rate of 
60—65 trucks an hour. The crushing plant comprised 
a bank of rotary crushers and a battery of ball mills. 
Various types of screens were employed, according 
to the different classes of aggregate required. The 
various sizes were stored in four silos whose bases 
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were excavated in the side of the mountain. Below 
them were installed four volumetric feed devices, 
remotely controlled and supplying in turn two con- 
crete mixers of one cubic metre capacity each. A 
single workman operated the whole of the weighing 
machines, concrete mixers and feed devices. 

The concrete was distributed by means of con- 
tainers of one cubic metre capacity, which were taken 
to the hooks of four derricks by means of the trucks. 
After being loaded on alternate slabs it was vibrated 
with plate vibrators in the central portions and with 
needle vibrators along the edges and the zones of 
contact between the slabs themselves. The slabs, 
which were nine in number, were divided by construc- 
tional joints fitted both upstream and downstream 
with copper retaining strips. Upstream, the strip was 
protected by a reinforced concrete butt strap and a 
double layer of Dursitect—a laminated material con- 
sisting of bitumen on jute fabric. The joint of the 
dam, between the side slabs and the foundations, was 
also made in this way. 

Cement injections in the rock itself and between 
the rock and the concrete foundations aimed at assur- 
ing a waterproof seal round the dam, by welding the 
concrete to the rock and making good any weaknesses 
in the strata. This required the drilling of two sets of 
holes, one upstream and the other downstream of the 
dam, the former being drilled to a depth of up to 
70 m. and so arranged as to be almost perpendicular 
to the walls of the gorge. The second series of holes 
were essentially suture holes which, besides pene- 
trating the injection zone of the first series, also con- 
solidated the plane of contact between the concrete 
foundations and the rockhead. 

The rock was exceptionally compact and did not 
call for preliminary consolidation. The drilling at- 
tained a total depth of 16,246 m. and 13,893 cwt of 
cement were injected in rather more than 800 holes. 
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The Lumiei Dam during construction: (left) the 

upstream face; (right) another aspect of the dam as 

it nears completion; and (below) a further view as 
seen from the mountain side 
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Loading station of cableway built to carry cement 
to the dam (right) 


Calculations for the dam 

Based on Italian regulations, the calculations for 
the dam were carried out by dividing it into horizontal 
sections spaced at intervals of 10 m. and commencing 
with the arch at 900 m. elevation, thus forming a 
superimposed series of elementary arches. Each arch 
was considered to be subjected to hydraulic pressure, 
and also to thermal and contraction stresses, but, as 
is usual, the effect of the inherent weight was ignored. 

The theory of the hyperstatic resilient arch let into 
the abutments was applied, according to the method 
of the elasticity ellipse; and the shearing effect, which 
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cannot be overlooked with arches having considerable 
thickness, was also allowed for in the calculation. 
The elementary arches were given sections of suit- 
ably varied thickness, being least at the crown and 
increasing rapidly towards the abutments, where a 
maximum was reached. By employing varying thick- 
nesses it was possible to restrict the values of the 
greatest concrete stresses to within moderate limits. 
At the same time by avoiding excessive thicknesses 
which, incidentally, would have increased the cubic 


General view of completed dam (left) 


Lumiei dam, looking upstream, with partial view of 
the storage lake (below) 
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content of the structure, it was possible to preserve 
such desirable static features as the large angular 
apertures and the small radii of curvature. 

The tensile stresses in the concrete were found to 
be less than 8 kg. per sq. cm., and compressive stresses 
less than SO kg. per sq. cm. Metal reinforcement was 
thus scarcely necessary, but the dam was lightly re- 
inforced along the surfaces with a light, mild steel 
meshing, chiefly for distribution purposes. The cal- 
culations aimed, of course, at securing the smallest 
possible bulk because of the site conditions. 


Pressure-relieving structure 

The pressure-relieving structure consisted of a 
number of members of quite modest dimensions, 
placed at different heights, with devices designed to 
afford both elasticity and safety. The weir at the top 
of the dam constituted a further safety measure in 
the event of exceptional floods. 

On the left-hand side of the dam are placed three 
inlet tunnels respectively at the bottom, middle and 
top. The first is at elevation 890 m. and is 4.20 m. 
in diameter. At a certain point it narrows to form a 
rectangular section 1.60 x 2.30 — 2.40, in which two 
Sluice valves are situated, one for holding purposes 
only while the other can be adjusted under load. The 
tunnel then resumes its original diameter. In the joint 
between the two sections are embedded the two out- 
lets of the air duct intended to aerate and to prevent 
vacuum and cavitation phenomena. This tunnel is 
112 m. long. 

The middle tunnel is situated at elevation 920 m. 
and is similarly provided with a sluice and has much 
the same characteristics as the bottom tunnel, except- 
ing that the diameter is 3.70 m. and the total length 
is 99 m. The uppermost outlet at elevation 950 m. 
is larger than the others, the diameter being 4.20 m. 
and the rectangular portion measuring 2.30 m. by 3 m. 
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Corner of underground central control room, 
Ampezzo Carnico 


Again one of the sluice valves is for holding purposes 
while the other has a wheel and can be adjusted under 
load. The length of this tunnel is 91 m. 

Access to the three tunnels is gained by a shaft 
3.05 by 5.70 m., and 111 m. deep, divided into three 
compartments; in the first is an iron staircase, while 
the middle one carries a hoist with a capacity of 30 
cwt; the third acts as an air vent. From the bottom 
of this shaft there is an underground passage which 
leads to the river bank through the dam springer, and 
a closed passage constructed in the downstream face 
wall at the 896.25 m. datum level. Another under- 
ground passage leads to the intake valve chamber 
from the right bank. All the controls, mechanism and 
apparatus are arranged in an operating room with 
centralised controls situated at the top of the shaft. 
In a chamber on a level with the dam crest there is 
accommodation for the supervisory staff and a tele- 
phone switchboard and radio telephone; an annex 
contains the transformer house. 

In addition, in the by-pass tunnel, at elevation 
857.16 m., there is an emergency discharge consisting 
of a section of metal piping. This is also located 
roughly in line with the dam and is closed by a metal 
cover which can be operated after the manner of a 
valve. Should it be necessary to empty the reservoir 
quickly, the cover can be blown up with an explosive 
charge placed in an appropriate chamber. 

A small Pelton turbine, which receives its supply 
from the tunnel at a point upstream from the sluice 
gate, comes into action automatically should the oil 
pressure fall below a certain limit, so that all the 
valves can be operated in the event of a power failure 
or the electric control gear getting out of order. 

Maximum delivery of the main outlet tunnel is 16.5 
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Interior view of underground power Station, 
Ampezzo Carnico 


cu. m. per sec. The intake is provided with a coarse 
rectangular grating mounted on a wheeled frame 
which is raised and lowered on a convex track by 
means of two cables and a winch. The grating has 
overall dimensions 6 by 4.50 m. and is fitted with 
bars 25 mm. thick and spaced 146 mm. apart. This 
primary grating is followed by a second screen fitted 
with bars 15 mm. thick spaced at intervals of 45 mm. 

At the outfall end the tunnel leads to a fabricated 
pipe 2.40 m. in diameter and 34.20 metres long, in 
the course of which a butterfly valve is situated in a 
chamber accessible from outside through an under- 
ground passage. This valve can either be remotely 
controlied or operated on site by means of an oil 
servo-motor; it is also fitted with an automatic closing 
device (functioning in 40 seconds) in the event of an 
excessive speed of flow developing. Downstream from 
the butterfly valve is a float valve for the air inlet. 
The room containing this apparatus is 9 m. long by 
7.20 m. wide and is fitted with a watertight partition 
so that the apparatus can be operated in the event of 
flooding. 

The tunnel from the reservoir is 4,168 m. long and 
2.60 m. in diameter. At 4,112 m. from the outlet is 
the surge chamber. The average gradient is 5.18 a 
mile but varies according to the sections for con- 
structiona! reasons. The nature of the rock to be 
traversed was in parts unfavourable for a tunnel sub- 
jected to strong pressure. The strata traversed included 
a massive Triassic limestone (Upper Ladinic) and a 
short length (about 10 m.) of exceptionally hard green 
siliceous sandstone (Middle Ladinic), and a nodular 
limestone of varying characteristics of the Lower 
Ladinic and Middle Trias (Anisic). Finally, Werfen 
sands were intersected with grey limestone and lengths 
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of decayed Permian dolomite. It was thus necessary 
to use different forms of lining for the various sections. 
When the rock was strong a simple concrete lining 
was inserted. In the weaker sections rings of gunite 
in One or more layers, reinforced with steel rings, 
were used. These were of varying diameter and thick- 
ness and used in conjunction with a meshwork of steel 
reinforcement. When the rock was reasonably strong, 
the metal netting was used in the concrete without the 
steel rings. The tunnel was thoroughly twice injected. 

The surge chamber consists of a vertical shaft 4.00 
m. in diameter and having two expansion chambers, 
the lower of which is of circular section, 2.60 m. in 
diameter and 122.85 m. long; the other, higher up, is 
of polycentric section and measures 6.50 by 7.65 m. 
by 25 m. long. In the ground traversed the nature of 
the rock was rather poor and abundant transverse 
reinforcement was necessary, together with consider- 
able longitudinal reinforcement to form bridges of 
solid support between one point and another. 


The Power Station 


An open air steel pipeline runs to elevation 646 
m. at which point it passes into a vertical shaft, 
100.96 m. in depth, excavated in the rock until it 
connects with a section at 45° leading to the trifurca- 
tion. The pipe is of welded sheet steel with riveted 
joints and was tested up to a pressure of 24.5 
atmospheres. The total length, including the distri- 
butor, is 766.185 m. 

The power station is excavated in the interior of 
the mountain near Ampezzo Carnico, from which 
point it can be reached by a road 1,500 m. long, built 
for the purpose. The power plant installed aggregates 
58,500 kW, divided into three 19.500 kW sets, each 
of which consists of a horizontal shaft alternator 
mounted between two Pelton wheels. The generated 
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voltage is 10 kV. In the basement is a repair shop, a 
room containing the switchgear and a storeroom; the 
transformer cubicles are in the open. Three trans- 
formers, each rated at 26,000 kVA, ‘step up the 
generated voltage to 135 kV for overhead trans- 
mission. 

The machine room is 51.55 m. long and 12 m. 
wide, excluding the walls. Although the rock does 
not exert pressure through swelling there are planes 
of fracture and slicken-sided surfaces which give rise 
to pressures which were sufficient to make the con- 
structional work difficult. After the vaulting had been 
constructed the excavation of the two side walls 
revealed such poor conditions in the rock mass as to 
make a concrete pillar structure desirable, with re- 
inforced buttresses and intermediate relieving arches. 
To connect the reinforced pilasters with the vault, 
which had already been erected, deep incisions were 
made in the rock walls of the vault to accommodate 
these extensions of the pillar reinforcement. 

The discharge channel is 234.16 m. long, 3.50 m. 
in diameter and of roughly circular section. Where it 
enters the Lumiei river the channel can be closed by a 





sluice which has the double purpose of permitting, 
in due course, the discharge of the water from the 
projected plant at Villa Santina, and of preventing 
the water from flowing into the basement of the power 
station in the event of exceptional floods. 

The shafts of the Pelton turbines are situated at 
elevation 502.825 m.; therefore the gross head varies 
from a maximum of 477.175 to a minimum of 402.175, 
the average head being about 450 m. 

At present the annual output of the station can be 
assessed at 90 million kWh, of which 85 million are 
generated in the winter period from December | to 
March 31. With the Upper Tagliamento included, and 
assuming the same hydrological basis, production is 
expected to increase to 160 million kWh, of which 
105 million will be generated in the winter season. 
The load factor of power station is 0.31. 

With the three units of 26,000 kVA installed at the 
power station (total 78,000 kVA), each comprising 
two Pelton wheels and one generator and capable of 
passing up to 5.5 x 3 cu. m. per sec. (making a total 
of 16.5 cu. m. per sec.) the present winter production 
can be concentrated into less than 1,500 hours. 








CAST ROTORS OF LARGE HYDRO-ELECTRIC GENERATORS 


The two rotors illustrated in the accompanying 
photographs have been manufactured by David 
Brown-Jackson Ltd., of Salford, and show the prac- 
ticability of replacing a fabricated structure by steel 
castings. The first picture shows one of the 28-ton 
rotors for a hydro-electric station in New Zealand; 
usually a rotor of this size is fabricated from hundreds 
of components, but after studying the problem care- 


Fig. 1: The 28 ton rotor in completed form 
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fully the manufacturers came to the conclusion that 
a steel casting would result in both technical and 
commercial advantages. In this instance the rotor 
disc was cast in four sections, two being welded to- 
gether to form the halves, which were then bolted to 
each other to make the complete rotor. Casting, of 
course, enables the swells for accommodating the 

(Continued on page 153) 


Fig. 2: The two halves proof machined, ready for 
assembly 











Hydro-Electric Development 





ADVICE TO YOUNG ENGINEERS 


A comprehensive survey of the preliminary organizational and engineering 
problems associated with hydro-electric schemes and their development, 


was given by Mr. Geoffrey 


Kennedy, M.A., M.I.E.E., M.I.Mech.E., 


M.Am.S.M.E., when he gave the tenth Quadrennial Gustave Canet Memorial 
lecture to the Junior Institution of Engineers. Mr. Kennedy was awarded 
the Gustave Canet Medal, and was elected a vice-president of the Institution. 


HE lecturer dealt with his subject as a consulting 
B protien, tracing through the problems of survey, 

power requirements, and installations, as investi- 
gated for the preparation of a project report, which 
he described as the blue-print of any hydro-electric 
scheme. 

He said thai a skeleton scheme was first prepared 
in accordance with the assessment of load require- 
ments, and on this were based estimates of the capital 
expenditure involved and the resulting cost of the 
supplied electricity. It was of interest to note that 
many hydro-electric development schemes which were 
turned down as uneconomic on preliminary estimates 
some years ago could now be justified because of the 
universal increase in the cost of fuel and wages in 
thermal generating stations. If the preliminary esti- 
mates showed reasonable likelihood of the project's 
being able to provide the required electricity at low- 
enough cost, the expense of preparing a detailed 
project report could be justified. 

The first requirement was an accurate survey of 
the catchment area and the river valley. In a number 
of cases where projects in remote parts had recently 
been considered, there had been no suitable maps of 
the area, and one was then faced with the problem 
of surveying large areas before the fundamentals of 
the scheme could be visualized. By means of aerial 
photographs it was now possible to plot contours on 
large scale maps at intervals so close as five feet, and 
the added information which photographs could give 
was of great value, not only in planning the scheme, 
but in estimating compensation which might be pay- 
able to riparian owners and other interests affected 
by the construction of a reservoir. 

The long-term mean discharge in the river must 
next be ascertained, and where rainfall data were not 
available, an indication of the discharge could often 
be obtained from past records of water-levels, cali- 
brated against present-day discharges. Mr. Kennedy 
showed his audience a slide of the Owen Falls on 
the Nile in Uganda, and remarked that in this scheme 
the losses over the whole catchment area were esti- 
mated to be as high as 93.3 per cent. of the average 
rainfall. So that the most could be made of the 
potentialities of any scheme it was important to 
consider the possibility of diverting other rivers into 
the chosen catchment, and to weigh the additional 
costs of works necessary for this purpose against the 
extra power and energy which would result. 
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To estimate the quantity of power available at a 
given site, it was necessary to prepare mean discharge 
curves, a flow duration curve, and diagrams showing 
how the recorded or estimated inflows to the proposed 
reservoir would affect its level over a long period 
with varying capacities and discharges. From these 
curves decisions could be taken on the range of reser- 
voir levels most suited to the scheme, the ultimate 
output of power available at various annual load 
factors, the extent of land to be flooded, and the 
height to which the dam or dams should be con- 
structed. It was normally necessary to balance the 
cost of large storage capacity against the resulting 
cost of energy produced, thus arriving at a scheme 
able to meet the electrical demand at a price the user 
could afford to pay. 

Trial borings were required to prove that the sites 
of any dams proposed were suitable geologically, and 
these borings were normally undertaken as an integral 
part of the project report. When a final site for the 
dam had been chosen, it was necessary to establish 
the levels on the ground, both on the banks of the 
river and on the river bed, for a considerable area in 
the proximity of the proposed works, so as to decide 
on the final alignment of the dam resulting in the 
lowest expenditure on rock excavation, coffer dams, 
river diversions, and on the construction of the dam 
itself. Measuring the depth of a river channel used to 
be a lengthy and laborious process, but through recent 
developments such as the Hughes echo sounder, the 
time required to obtain such data had been consider- 
ably reduced. 

Commenting on turbine design, Mr. Kennedy said 
that in the impulse turbine, the trend in design of 
Pelton wheels now seemed to be definitely in favour 
of integrally cast runners. An interesting development 
of the Francis turbine was the application of rimless 
runners. This type of construction offered advantages 
where abrasive materials were carried in the water, 
for not only were clearance rings eliminated, but the 
blading was more accessible for maintenance. The 
design had the further advantage of balanced axial 
thrust. 

As might be expected with variable pitch propeller 
turbines, cavitation, or the breakdown of the water 
at certain points on the blades, was sometimes diffi- 
cult to avoid under certain conditions of loading, and 
the design of the runner was therefore a matter of 
some complexity. Runners with solid stainless steel 
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blades had been found to offer the best resistance to 
cavitation. In view of the high cost of stainless steel, 
it was quite common in the U.S. to find the blades 
of these runners made of cast steel and protected by 
strips of stainless steel welded to the surface to form 
a thin outer skin. 


Turbine Setting 

It was necessary to give very careful consideration 
to the setting to be adopted for the turbine, as this 
influenced to quite a considerable extent the depth 
to which excavation must be taken, and the overall 
dimensions of the power station building. In the case 
of high-head impulse and Francis turbines operating 
under heads exceeding 350 ft., the matter was straight- 
forward, and cast steel must be used to obtain the 
requisite strength. Knotty problems arose only with 
lower head installations where there was a choice in 
the use of materials, particularly where it was possible 
to use either concrete or steel plate for the spiral 
casing. 

The advantages of the steel plate spiral casing were 
that its construction was relatively independent of 
conditions existing on site—quite an important point 
when constructing projects in remote parts. In itself 
it was normally cheaper than reinforced concrete in 
the higher range of head, but because of its circular 
section it took up more space, and turbines had to be 
separated from one another by a greater distance than 
was possible with a concrete casing. A point to be 
considered with the steel casing was the possibility 
of vibration and the consequent necessity for tying 
the casing, if possible, to a mass of concrete. 

Reinforced concrete casing was possible up to 
heads of about 110 ft., but at that head the spacing 
between reinforcing bars became so small that it was 
extremely difficult to ensure concrete which would be 
sufficiently dense to be satisfactory. A high order of 
workmanship was called for from the joiners in con- 
structing the form-work of the spiral casings, from 
steel setters in setting the reinforcement, and from 
the supervisors in charge of concrete pouring. 

Another point with regard to the turbine setting 
was that it was necessary to consider carefully the 
level at which the runner would be positioned to give 
the best results. This was normally at or slightly below 
minimum tail water level. The slope of the draught 
tube was also important, and one had to compare 
carefully the gain in efficiency which could be ob- 
tained by a deeper and flatter draught tube with the 
extra cost of the excavation which would be required. 
It was also important to bear in mind the space 
available for assembly and erection. 


Power Stations 

Dealing with the choice of location for a power 
station, Mr. Kennedy said that sometimes, in the case 
of higlfhead stations, it was found economic to con- 
struct the power station underground, below the dam, 
the water being conducted to it by pressure tunnels, 
and discharged by horizontal or inclined tunnels. 

In the majority of high and medium-head plants, the 
comparatively long tunnel and penstock systems made 
it essential to provide surge chambers to take care of 
the pressure variations or waterhammer effects, due 
to sudden load rejection or rapid acceptance of 
increased load on the system. Another important 
function of surge chambers was to create conditions 
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under which low-head turbines with penstock systems 
containing large masses of water would operate in a 
stable manner under the small load variations which 
were to be expected on any normal electrical system. 
These conditions were affected by the flywheel effect 
in the alternators, and the nature and capacity of 
other generating plant connected to the transmission 
system. 

The lecturer said that as time went on the available 
sites for hydro-electric schemes became more and 
more remote, and the distances over which the power 
produced by these schemes had to be transmitted 
became progressively greater. This tendency was 
clearly borne out by recent developments in Sweden, 
a country which had tapped all existing economic 
resources of hydro-electric power near the centres of 
load in the south, and had now been forced to develop 
the resources of the far north and to transmit the 
power southward to industrial localities. The trans- 
mission system associated with the Harsprianget 
development, 22 miles north of the Arctic Circle in 
Sweden, contemplated carrying power some 606 miles, 
and a voltage of 380,000 had been selected for this 
purpose. Having decided the voltage of transmission 
it would be possible to assess accurately the quantity 
of energy which must be generated by the project to 
supply the demand with the addition of transmission 
and transformation losses, and energy used in the 
power station itself. 

On a general note, Mr. Kennedy said that as hydro- 
electric schemes were mostly constructed in country 
districts, it was particularly important to do whatever 
was possible to preserve the amenities of the locality 
by providing structures which were in keeping with 
the surrounaings. Little could be done in the case of 
the dam itself, but power station buildings, and the 
switching station, should be as unobtrusive as 
possible. 

* Hydro-electric development on a world scale is 
still in its infancy,” he declared; “ hundreds of great 
rivers remain to be harnessed, and their latent power 
brought into the service of mankind.” The develop- 
ment of these vast untapped sources of power—many 
of them in parts of the world considerea backward by 
our standards—could improve the conditions of living 
ot millions of people. 





Cast Rotors: from p. 151 

machinery of the slots for the windings to be readily 
incorporated and at the same time enables the light- 
ness of the whole structure to be maintained. fhe 
projecting vanes from the flat disc-like surface, as was 
anticipated, resulted in contraction cracks at the 
junctions, and to ensure a perfectly sound structure 
all the fillets were ground and the slightest tares 
rooted to the base, Gamma ray detection being sub- 
sequently applied as a final test. 

The success achieved led the manufacturers to be- 
lieve that an even more satisfactory result would be 
obtained by casting the rotor in two halves and 
welding them together. The resulting rotor is shown 
in the second picture; radiographs not only demon- 
strate the physical superiority of the castings as com- 
pared with a fabricated structure, but also point to 
a greater inherent strength due to the greater homo- 
geneity. This rotor is 14ft. 8in. in diameter, 3ft. 64in. 
wide, and is designed for an alternator having a 
capacity of 20,000 kVA. 
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Hydro-Electric Developments in the Serra 
da Lousan of Portugal 





By H. D. MORGAN, M.Sc. (Eng.), M.1.C.E. 
(Sir William Halcrow & Partners, MM.I.C.E.) 


Apres la description, dans le dernier numéro de Water 
Power, des installations hydro-électriques de Castelo 
do Bode, voici un nouvel example de lexploitation 
de la houille blanche au Portugal: il s'agit du massif 
de la Serra da Lousan, prolongement de la Serra da 
Estrela, chaine montagneuse qui coure du_ nord-est 
au sud-ouest au centre du pays. La Companhia 
Electrica das Beiras y a conduit de grands travaux 
dont certains aspects offrent a@ lingénieur hydro- 
électricien un intérét particulier. On y trouve le 
témoignage de la volonté du Portugal de mettre en 
valeur ses ressources limitées mais hautement 
importantes. 


NDUSTRIAL and social development has been 
i osentl hampered in Portugal by the lack of native 
The 


coal and consequent shortage of power. 


country has, however, thrown up a tenacious and 
hard working property owning peasantry who, if not 
opulent, are at ieast self-sufficient in a frugal sense, 
and one does not see the demoralizing destitution 
which is so typical of several other Southern European 
countries. However, the meticulous terrace cultiva- 





Se discute otro proyecto hidroeléctrico portugués. En 
la ultima edicién de “Water Power” se hizo una 
descripcion de la obra de Castelo do Bode; en este 
articulo se hace referencia a la region de Serra da 
Lousan, una extension de la Serra da Estrela, siendo 
una cordillera que atraviesa la parte central del pais 
del nordeste al sudoeste. En esta region se hallan los 
proyectos desarrollados por la Companhia Electrica 
das Beiras, los cuales presentan varias caracteristicas 
de interés especial para ingenieros hidroeléctricos. 
Estos desarrollos ponen de manifiesto que los por- 
tugueses estan bien decididos a explotar sus limitados, 
si bien altamente importantes. recursos. 


tions of the mountainous centre and north of the 
country, can never do more than maintain a minimum 
standard of life in spite of all the painful gathering 
together of soil behind stone walls and the delicate 
and ingenious irrigation carried out from the moun- 
tain streams. It is not surprising, therefore, to find this 
energetic people deeply involved in considering and 


Fig. 1: The Santa Luzia dam 
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Fig. 2: General layout 
of present hydro- 
) electric developments 
) of the Companhia 
c Electrica das Beiras 


_ tains which runs 


north-east to south- 
\ west across the centre 
y of the country. In 
this area are found 
the hydro-electric de- 
velopments carried 
out by the Compan- 
hia Eléctrica das 
on Beiras, which present 
several features of 
particular interest to 
engineers. The ac- 
tivities of this com- 
pany are at present 
associated with the 
Sta. Luzia scheme, as 
shown in Fig. 2, 
where the waters of 
the Pampilhosa and 
\ other catchments are 
750 retained by a high 
arch dam in the hills 
above the village of 
Pampilhosa itself and 
diverted ultimately 
into a tributary of 
the upper Zézere, at 
a net head of some 
300 metres (984 ft.). 
The dam itself was 
é originally set out to 
Ny. the designs of A. 
Stucky and com- 
pleted to those of M. 
\ Coyne as shown in 
. Figs. 1 and 3. This 
most advanced struc- 
ture is set in a spec- 
tacular cleft in a 
great ridge of hard 
quartzite, which ex- 
tends across this part 
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building hydro-electric schemes and readers will have 
seen, in a recent issue of WATER POWER, a 
description of the scheme at Castelo do Bode with 
photographs of M. Coyne’s great arch dam. 

Although mountainous, Portugal is not greatly 
blessed with hydro-electric resources since the rain- 
fall is shortlived and the summers are long and dry. 
In consequence Portuguese rivers are torrential but 
in some places this feature is offset by particularly 
favourable dam sites and the possibility of developing 
large heads. In only a few places, however, is it 
possible to form really large reservoirs. 

The object of this article is not to outline Portugal's 
hydro-electric development as a whole, but to dea! 
with an area centred on the Serra da Lousan, an 
extension of the Serra da Estréla, a range of moun- 
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of Portugal and on 

into Spain. The top 
of the dam is about 75 metres (247 ft.) above the river 
bed and while the right flank abuts directly on to the 
rock, the left flank has had to be formed by massive 
sloping thrust buttresses and a curved flank wall of 
gravity section as shown in Fig. 4. 

Since the reservoir area is large and the Pampilhosa 
relatively small the spillway is short and simple as 
shown in the photographs, the water being thrown 
clear of the dam foundations by virtue of its great 
height. Because of its large storage the reservoir is 
mainly used for summer loads while other schemes 
elsewhere, having less storage, are used in winter to 
make as much use as possible of the heavier un- 
regulated winter flows. 

The Sta. Luzia water is drawn off from the reservoir 
through a short tunnel and is then carried by a steel 
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pipeline to a power station 
which, as stated above, works 
under a net head of nearly 
300 metres and has an in- 
stalled capacity of some 
18,000 kW. There are three 
sets each with single Pelton 
wheels on horizontal shafts 
and almost the whole of the 
equipment, including trans- 
formers and switchgear, is 
French or Swiss. The single 
pipeline varies from 1.8 to 
1.45 metres in diameter and 
is to a French design, in 
welded construction, using 
high-tensile steel. No sliding 
expansion joints are used and 
the pipe is zigzagged in plan 
to allow for the various 
movements as shown in Fig. 
5. While this is an interest- 
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Fig. 3 (above): Plan and section of the Santa Luzia 
dam; and Fig. 4 (left): Abutment to buttresses 


ing arrangement it is not always true that the saving in 
cost of sliding joints outweighs the capitalised value 
of the head lost in the bends taken over the life of 
a scheme. 

It should be appreciated that the Sta. Luzia reser- 
voir is rather too large for its own direct catchment 
and is therefore able to regulate the water of adjacent 
streams. The first stage of the scheme, i.e. Sta. Luzia 
dam, reservoir, conduit, and power station was com- 
pleted in the early part of the recent war mainly by 
the Companhia’s own constructional organisation. 
The second stage of the scheme, comprising an arch 
dam across the Rio Ceira and a tunnel to divert its 
waters and that of several smaller streams into Sta. 
Luzia, has just been completed to the designs of the 


Fig. 5 (below): Santa Luzia high-pressure pipeline 
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Consulting Engineers, Sir 
William Halcrow and Part- 
ners. A third stage, diverting 
the waters of the Rib. Castan- 
heira into the Ceira reservoir 
and thence to Sta. Luzia, is at 
present under construction. 

The Ceira dam, as shown 
in Figs. 6 and 7, is arched 
across the river gorge just 
downstream of the confluence 
of the Rib. Fornea with the 
Rio Ceira and a useful reser- 
voir is formed, although its 
function is not primarily that 
of storage. A side spillway 
of gravity section built in 
masonry has been used, 
having a capacity of some 130 
cu. metres per second (4,600 
cusecs). The dam itself is of 
thin circular arch construc- 
tion and of variable radius, 
built in convenient vertical 
blocks, the joints being 
grouted in the final stages. It 
stands some 35 metres (115 ft.) above the river 
bed and was designed on the arch-cantilever 
principle. In this method the various loads on the dam 
are assumed to be divided between a hypothetical 
system of elementary horizontal arches and vertical 
cantilevers. The method is more rigorous than any 
hitherto employed and should be used in the case of 
all arch dams of any importance. It has, however, 
several drawbacks and its accuracy is naturally de- 
pendent on the assumptions on which it is based, 
these in turn depending on the experience of the 
designer. 

It is known by observation that structures designed 
by this method show a reasonable correlation between 
the actual and calculated deflections. The calculated 
stresses are rather higher than those actually achieved 
in practice. This is a valuable 
fact because the calculated 
tensile stresses in the canti- 
lever elements are known to 
be high in arch dams, particu- 
larly towards the base, a 
characteristic which is in- 
herent in the type of structure 
and must be accepted by the 
designer. Some pure arch 
dams are, in fact, known to be 
cracked at the base, but there 
is very rarely any leakage of 
water in such cases because 
the crack does not extend 
right through the dam. Most 
dams, however, do not in 
practice confirm the existence 
of these high theoretical ten- 
sions. It is, nevertheless, 
sometimes necessary to 
assume that the cantilever 
elements may crack in the 
lower levels and the arch 
elements should be strong 
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Fig. 6: Rio Ceira dam 


of a redistribution of the loads. 

The Ceira dam was designed in this way and has 
had the almost unique experience of being subjected 
just as it was completed, to the most severe combina- 
tion of loads possible. These included a sudden filling 
of the reservoir in a great flood following the melting 
of snow on the mountains so that the structure was 
subjected, at one and the same time, to a very low 
temperature and a high flood level. No cracking what- 
ever was observed in the structure and the only 
leakage visible was a small flow through an unplugged 
grout pipe near the top of the dam. 

The criteria of design included full hydrostatic load 


Fig. 7: Plan and section of Ceira dam 
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enough in themselves to admit 
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j 
Fig. 8 (above): Cross sec- 
tion of Ceira main tunnel 


at flood level, a tempera- 
ture drop of 15°C., or a 
temperature rise of 10°C. 
The maximum allowable 
compression in the arch 
elements was taken as 42 
Kg./sq. centimetre (600 
lb. per sq. in.) and the 
maximum allowable arch 
tension 14 Kg./em. (200 
lb. per sq. in.). The tensile stresses in the cantilever 
elements, as calculated on the assumption that there 
would be no cracking, were greater than this. The 
arches were assumed to be anchored to elastic abut- 
ments and the expansion of the concrete due to 
soaking with water was allowed for. This has an effect 
very much the same as that of a rise in effective 
temperature of about 10°C. No allowance was made 
for plastic yield in the concrete though it is certain 
that this is one of the several reasons why thin arch 
dams do not appear to develop the high calculated 
stresses which inevitably appear in the usual methods 
of analysis available to us today. 


The Santa Luzia reservoir dried out near 


Malhada do Rei 


Fig. 10: 






















Fig. 9: Ceira tunnel at the Rib. Ceiroco intake 


It is interesting to note that the Companhia Eléctrica 
das Beiras now owns, in the Sta. Luzia and Ceira 
dams, two of the more advanced load bearing 
structures in Portugal. Several dams in the New World 
are more highly stressed, many are classed by their 
designers as having cracked cantilever elements and 
some are classed as having both cracked cantilever 
and arch elements. The Ceira dam is a structure in 
which the inevitable high tensile stresses at the base 
may have been relieved by longitudinal cracking but 
as has been noted in many other arch dams, there is 
so far no evidence whatever to indicate this. Sta. 
Luzia dam is, on the same basis of design, somewhat 
more highly stressed than the Ceira dam and it is 
encouraging to deal with a 
government department who 
are willing to accept the use 
of advanced structures, for 
the designs of all major works 
have to receive government 
approval in Portugal. 

The tunnel running from 
the Ceira to Sta. Luzia is in 
unlined rock, as shown in 
Figs. 8 and 9 and lies in Pre- 
cambrian schists over the 
whole of its length of some 
7,300 metres (24,000 ft.). 
This cross-section was 
adopted as the result of an 
intensive economic analysis in 
which several types of tunnel 
with various capacities for 
diverting water were con- 
sidered in relation to the value 
of energy at the Sta. Luzia 
power station. It was found 
that the economic advantages 
of larger tunnels fell off rapid- 
ly when the size eventually 
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Fig. 11: Ceira tunnel at 1,400 metres from intake 


chosen was exceeded. This is estimated to be 
able to divert about 95 per cent. of the Ceira water 
to Sta. Luzia. The tunnel was completed in about 
21 months although the work was, in the early stages, 
carried out without the use of compressed air tools 
owing to a delay in the supply of tunnelling equip- 
ment. The greatest continuous length of tunnel is 
some 3,700 metres between the side stream intake 
at Ceiroco shown in Fig. 9 and the tunnel outfall at 
Malhada do Rei. 

Both the dam and tunnel were constructed by 
Messrs. Moniz da Maia, Duarte & Vaz Guedes Ltd., 
of Lisbon, who maintained a rate of progress com- 
parable with anything which has been achieved else- 


where. The Portuguese labourer is conscientious and 
hard working and therefore attains a high output. 

It will be realised that the carrying through of the 
Ceira water into Sta. Luzia early this year was a 
matter cf considerable local importance to this region 
of Portugal, for the past few years have been ex- 
tremely dry and the Sta. Luzia reservoir had been 
seriously depleted. Fig. 10 shows a side valley in the 
reservoir with the first of the Ceira water running in 
from the outfall at Malhada do Rei. The trace of the 
highest water line tells its own story to those who 
know the great needs of the country. 

A third stage of development, the diversion of the 
waters of the Rib. Castanheira into the Ceira reservoir 
and thence by the Ceira tunnel to Sta. Luzia, is at 
present in hand. The Ceira tunnel is estimated to be 
able to divert a little over 90 per cent. of the combined 
run-off from the Ceira and the Castanheira and this 
is expected to be running through by next winter. 

The writer can hardly expect those who live in 
moist climates to realise the extraordinary value of 
even a little water in a parched land. The immense 
struggle to maintain plant life in the hot, dry, and to 
our minds almost continual summer, has no parallel 
in Britain. Indeed, 18,000 kW of power has surpris- 
ingly little significance to us with our great thermal 
stations. In a rural area, however, where domestic 
lighting is difficult and where cooking depends on the 
most careful use of the limited timber supplies, a 
few kilowatts of power allow quite a_ startling 
alleviation of the burden of living. Fortunately, the 
country is highly conscious of the value of water 
power as the large number of water mills shows, and 
hydro-electric development goes on rapidly. 


Figs. 12 and 13: Views of Ceira dam under construction 
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The Scottish Projects 


INVESTIGATIONS IN 
RHODESIA 


From Our Parliamentary Correspondent 


OMPREHENSIVE details of electrical develop- 
& ments in Scotland are given in the White Paper, 

“Industry and Employment in Scotland, 1949,” 
issued recently by the Scottish Office. 


Nine hydro-electric schemes (it is stated) were under 
construction during the year. Six of them—-Loch 
Sloy, Tummel-Garry, Affric, Shira, Fannich and 
Cowal—will be linked with the Highland grid, and 
by December the first stages of the Loch Sloy and 
Tummel-Garry schemes were so far advanced that 
they were expected to start producing electricity with- 
in a short time. 


In a “centre spread,” the White Paper gives illus- 
trations of the Loch Sloy scheme, stating that the 
largest constructional works being carried on in Scot- 
land at the present time are the projects of the North 
of Scotland Hydro-Electric Board. Two pictures give 
glimpses of the impressive dam which has been built 
across one end of Loch Sloy, high among the hills to 
the west of Loch Lomond. Another picture shows 
the Mullardoch-Fasnakyle-Affric project, much 
further to the north, where the Benevean Dam is being 
erected. One of the first schemes to be completed is 
at Morar on the west coast of Invernesshire, and a 
picture shows how the buildings are constructed so 
as to fit in to the landscape as far as possible. 


The White Paper goes on to point out that other 
schemes, solely for local supply, are at Lussa (Kin- 
tyre), Storr Lochs (Skye) and Gairloch in Wester 
Ross. The constructional work involved in these nine 
schemes included 13 dams, 12 generating stations and 
tunnels, aqueducts and roads. Work also proceeded 
on the associated main transmission line schemes. 


Four large hydro-electric schemes promoted in 1948 

Garry, Moriston, Glascarnoch and Lawers—and 
four smaller schemes—Gaur, Loch Dubh (Ullapool) 
and extensions to Loch Sloy and Allt-na-Lairgie— 
were confirmed by Parliament in 1949. Some pre- 
liminary and preparatory work was done on these 
schemes during the year, but large scale construc- 
tional work will be started at later dates as a result of 
the restrictions on capital investment. The total in- 
stalled capacity of all the schemes so far approved 
and confirmed will be 637,600 kilowatts, and the 
average Output of electricity exceeds 1,600 million 
units a year. 


The main transmission lines from the Sloy scheme 
to Glasgow and from Tummel-Garry to the British 
Electricity Authority’s station at Bonnybridge were 
virtually completed during 1949. Work was also well 
advanced on the Keith-Aberdeen transmission lines 
and on the Fasnakyle-Beauly, Fannich-Boat of Garten 
and Shira-Inveruglas transmission lines which were 
approved by Parliament during 1949. 
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The following details show the stages reached by 
each of the North of Scotland Hydro-Electric Board’s 
constructional schemes at the end of last December:— 


SCHEMES APPROVED AND CONFIRMED 


q 3 
nen 2 385 gis 
S38 ses 88552 
86 G22 58055 
v9 as acs ees 
Om wee Hoos aA 
No. 1| Loch Sloy .. ... | 130,000 100 | 
Loch Morar sis eae 2,000* | 5 £4,600,000 
Lochalsh ... ... ...| 4000*| 7) | 
No. 2| Tummel-Garry . ,; 150,000 | 293 | | 6,450,000 
Gamtoch ... ... «. 3,000 | 7| 
No. 3/Fannich ... ... ...| 24,000 | 77 | 960,000 
No. 4] Cowal aoe 6.000 134 | 570,000 
No. 5 
Lines 910,000 


Sloy Transmission | 
a ‘ = | 
No. 7] Mullardoch - Fasna - 


kyle-Affric 70,000 | 236 4,800,000 


No. 8|Glenlussa .. 2.400 8} 480,000 
No. 9 | Tummel-Garry Trans- 

mission Lines.. 1,650,000 
No. 10! Fannich-Boat of Gar- 

ten Transmission 

Lines - 800,000 
No. 11} K eit h- Aberdeen 

Transmission Lines 689,000 
No. 12 | Shira , 44,000 80 3,150,000 
No. 13} Storr Lochs 2,400 54 250,000 
No 14] Fasnakyle - Beauly 

Transmission Lines 380,000 
No. 15] Gaur .. 6,000 17 650,000 
No. 16 Glascarnoch, L uichart, 

Torr Achilty ...| 60,000 | 280 8.700.000 
No. 18] Lawers 30,000 71 2.850.000 
No. 20} Loch Dubh (Ullapool) 1,800 43 200.090 
No.21| Shira Inveruglas 

Transmission Lines 190,000 
No. 22} Extension to Sloy 

P Scheme 15 285,000 

No 23] Moriston | 56,000 | 214 8,000,000 
No 24 | Garry ee 40,000 1704 4,850,000 
No. 27 | Allt-na-L airige 6,000 174 620,000 








* Gencration commenced in 1848 


SCHEMES APPROVED BY THE ELECTRICITY COM- 
MISSIQNERS NOW BEFORE THE SECRETARY OF 
STATE 





No. No. 17| Tummel Bridge- Inver- | 


| uglas eet 


Lines i — 498,000 
No. 19 | Aberdeen - Dun ‘dee 
Transmission Hy de . 372,000 


SCHEMES APPROVED BY THE B.E.A. AWAITING 
SUBMISSION TO THE SECRETARY OF STATE 


No. 51 | Fasnakyle-Fort Augus- 


tus Transmission 

Lines ie oe -—— 374,000 
No. 53 | Kirkwall Generating 

eer 7,000 t 281,000 


SCHEME BEFORE THE BRITISH ELECTRICITY 
AUTHORITY 





No. 54 | Lerwick oan 6,000 , ft 248,000 





t Thermal station: output dependent on load 
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During 1949 the Board connected 18,797 consumers 
to their network, 2,479 more than in 1948. By the 
end of the year, 222,174 consumers were connected to 
the mains, and, as each connection is used on an 
average by about 34 persons, it is estimated that more 
than three-quarters of a million people in the North 
of Scotland District now have the benefit of electricity 
supplies. Progress was made with the strengthening 
of the distribution network to meet the increased 
demand in the eastern and north-eastern parts of the 
Board’s district by additional 33,000-volt lines. The 
connection of new consumers in the remote areas of 
the west and the north and in the islands continued 
steadily and during the year a supply was given for 
the first time to 64 townships and to 56 industrial 
concerns, including distilleries in Islay. In 1949 
electricity was also taken to Tomintoul, the highest 
village in the north of Scotland; to Scalloway, the 
ancient capital of Shetland under the Norsemen, and 
to many other places of interest and importance. 


By the end of the year the number of persons work- 
ing on generation, transmission line and distribution 
schemes, including catering and camp workers, had 
risen to about 10,000. Preference is given to local 
labour, and the men working on the transmission and 
distribution schemes nearly all come from the High- 
lands and Islands. 


Financial Statement 


Another White Paper issued by the Treasury shows 
the financial side of the schemes under the Hydro- 
Electric Development (Scotland) Act, 1943, during 
the year ending March 31, 1950. The contents of the 
White Paper are as follows:— 


(i) Statement of guarantees given by the Treasury 
in pursuance of Section 14 (1) of the Hydro-Electric 
Development (Scotland) Act, 1943. 


(a) Guarantees given during the year 
ended March 31, 1950, in respect 
of temporary borrowings by the 
North of Scotland Hydro-Electric 
Board to an amount not ex- 
UE Sissi dc doch casa baevhecxeeeneees £10,000,000 


Extent of Guarantee—Principal and interest of any 
sums borrowed by the Board under and in accord- 
ance with the North of Scotland Hydro-Electric Board 
(Borrowing and Stock) Regulations, 1946, S.R. & O. 
1946 No. 1156/S.49. 


(b) Guarantee given during the year 
ended March 31, 1950, in respect 
of stock issued by the North of 
Scotland Hydro-Electric Board to 
WR I oi. osiecs ssiee vies Stacsienacie £10,000,000 


Extent of Guarantee—Principal and interest on 
above stock issued under Sections 12 and 13 of the 
Hydro-Electric Development (Scotland) Act, 1943 
(6 & 7 Geo. 6, Ch. 32) and in accordance with the 
North of Scotland Hydro-Electric Board (Borrowing 
and Stock) Regulations, 1946, S.R. & O. 1946 No. 
1156/S.49. 


(ii) Account up to the 31st March, 1950, of (a) any 
sums issued out of the Consolidated Fund for the 
purpose of guarantees given by the Treasury under 
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Section 14 (1) of the Hydro-Electric Development 
(Scotland) Act, 1943, and (b) sums received by way of 
repayment of any sums so issued: 


CR Re ee nil 
I IEE a sihickins tinsccanbeceneleniabsbice nil 


Questions and Answers 


Before Parliament adjourned for Whitsuntide, Mr. 
Spence asked the Secretary of State for Scotland 
whether he had been able to provide, in full, all 
requirements by the North of Scotland Hydro-Electric 
Board during 1949, of cable and poles for the distri- 
bution of electricity. 


Mr. H. McNeil replied that there were difficulties in 
regard to supplies of timber poles during the first nine 
months of 1949, but since then the position had 
steadily improved and present requirements were 
being met in full. Supplies of cable in 1949 were 
adequate, but there were some delays in actual 
delivery. These difficulties had now been overcome. 


Miss Ward asked the Minister of Fuel and Power 
whether he would give an assurance that there would 
be no cut in capital expenditure in respect of electricity 
requirements. 


Mr. P. J. Noel Baker said he was glad to assure Miss 
Ward that there was no intention to cut the total 
annual capital expenditure for electricity supply below 
the present rate. But the proposals put forward by 
the electricity boards must be considered in conjunc- 
tion with proposals for capital expenditure on all other 
essential requirements, and he could not give an 
assurance that all their proposals would be accepted 
for immediate execution without amendment. 


Mr. John Grimston asked the Secretary of State for 
the Colonies when it was proposed to start erection 
of a dam on the Kafue River in Northern Rhodesia 
for the large-scale generation of electricity there. 


Mr. James Griffiths replied that a decision whether 
or not to carry out this project, which could not be 
considered separately from the Kariba Gorge project, 
must await the recommendations of the Commission 
which was inquiring into these schemes. 

Mr. Grimston: Do I understand from that reply that 
the Commission are investigating both cases, because 
I understood they were investigating the Kafue scheme 
only? 

Mr. Griffiths: Yes, but the investigation into the one 
will affect considerations regarding the other. 


Mr. Grimston: It certainly will, but the point of my 
question was whether they are specifically required to 
investigate both schemes or only one. 

Mr. Griffiths: The position we have taken up is that 
we had better await the findings of the Commission 
and consider the matter in the light of their report. 
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tion, Toronto, Canada. The original prints were 
supplied by Aerofilms Limited. 
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Conférence Internationale des Grands 


Réseaux Electriques 


MEETING 


IN PARIS 


The C.I.G.R.E. meeting, which was held in Paris from June 29 

to July 8, gave expert attention to a variety of subjects, many 

of which were concerned with hydro-electric generation. Some 

of the papers prepared for the meeting are summarised on the 
following pages 


ALTERNATORS 

THE EFFECT OF SOLID POLES AND OF 
DIFFERENT FORMS OF AMORTISSEUR ON 
THE CHARACTERISTICS OF SALIENT POLE 
ALTERNATORS, by Th. Laible, engineer with the 
Ateliers de Construction Oerliken, at Zurich. 


RESENT day tendencies in modern hydro- 
Pratectric power stations are towards higher and 

higher powered, high-speed alternators. The manu- 
facture of such machines is rendered easier by the 
use of solid poles. The author examined the effect 
of this type of pole on the electrical characteristics of 
the machine and made comparisons between solid 
poles and different forms of amortisseur or damping 
winding. 

The effect of a particular damping winding depends 
on the type of system disturbance which is envisaged. 
The author examined the effect of damping windings 
under the headings of damping of small amplitude 
oscillations; pull-in torque; behaviour in the event of 
a short circuit, and effect of an unbalanced load. The 
degree of damping small amplitude oscillations was 
related to a damping coefficient C,, and mathematical 
analysis showed that for laminated poles without 
amortisseur the value of C, was less than one, while 
for solid poles the value of C, varied between 5 and 10, 
and where closed winding of the squirrel cage type 
were used as amortisseurs the damping coefficient 
value lay between 20 and 70. 

In regard to pull-in torque, the author showed that 
for laminated poles without amortisseurs, there was 
practically no pull-in torque, while for open or grid 
type damper windings, or solid poles only, there was 
a moderate pull-in torque reaching a value of 30%, 
or 50%, of the rated torque; while for closed or 
squirrel cagé type damper windings, the pull-in torque 
was approximately equal to the rated torque itself. 

Regarding short circuits, for those cases where 
there is a 3-phase short circuit, damping windings 
have no effect; but for other cases where there is only 
a short circuit on one or two phases, the over-voltage 
on the open phase is affected considerably, since 
machines without damper windings give an over- 
voltage value of 3 to 4, whereas other machines with 
squirrel cage damper windings give an over-voltage 
value of approximately one. Solid poles are less satis- 
factory, but are better than open damper windings. 

In the case of unbalanced loads, the squirrel cage 
type damper winding was shown to be essential if 
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the machine had to maintain single phase loads for 
any appreciable length of time. 

The main conclusions drawn by the author were 
that squirrel cage damper windings are necessary in 
certain cases— 

(a) low power machines connected to a network 
by means of a high resistance line. 

(b) diesel driven alternators. 

(c) machines for which a high value of pull-in 
torque is required in order to ensure automatic re- 
synchronisation. 

(d) machines subject to unbalanced load of long 
duration. 

(e) machines liable to be damaged through voltage 
surges resulting from short circuit between two phases. 


SYNCHRONOUS MACHINE OPERATION, by 
Lloyd F. Hunt (Fellow A.1.E.E.), chief electrical 
engineer, and J. H. Vivian (Fellow A.1.E.E.), chief 
engineer, Division of Apparatus and Protection, 
Southern California Edison Co. 

The authors are concerned with the operation of 
fifty-nine hydro-electric generators in twenty-four 
plants, with a total capacity of 936,000 kW: 15 
steam turbine generators in four plants, with a total 
capacity of 675,500 kW; and five diesel electric 
generators with a total capacity of 30,000 kW. The 
principal burden of their paper rests on the develop- 
ment and use of inspection and test procedures which 
will prevent winding failures in service. If it could 
be assured that no machine would fail during its 
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Fig. 1: Diagram of connections for ground 
detector using one potential transformer 














service period, the number of machines in “spinning 
reserve” could be reduced without reducing the 
reliability of service to the consumers. 

The nature of insulation failures in machine 
windings makes it practically impossible to pre- 
determine the exact time of failure. In spite of all 
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Fig. 2: Diagram of connections for over voltage test 


that has been done, it appears that no really reliable 
non-destructive test is available for predicting the 
possible remaining life of rotating machine windings 
in service. No consistent relation between the insula- 
tion resistance and the dielectric strength has ever 
been found. 

The windings of the machines on the system with 
which the authors are connected varied greatly in age 
and condition. From the case history of each machine 
an analysis was made to determine which windings 
could not reasonably be depended on to operate 
without breakdown, and a programme of repetitive 
over-voltage tests was adopted and was put into effect 
in 1945. Since then a high potential test of 14 times 
the rated voltage has been made on most machines 
at each annual overhaul (Fig. 2). Some _ in- 
sulation failures did occur during the over-voltage 
test; when this happened repairs were made, as 
required, and the test was repeated. At the time of 
writing the paper there had been no winding failures 
in service of machines which had passed the routine 
150%, voltage test. 

In large machines most of the failures are faults 
from coils to ground or between coils. Incipient 
weakness of this kind can be found by over-voltage 
tests. However, sometimes trouble begins by turn- 
to-turn faults within a coil. This type of trouble is 
very difficult to detect with available test equipment. 
In this respect machines with single turn coils are 
advantageous, and it is now the practice of the 
Southern California Edison Company to require the 
use of single turn coils on all new synchronous 
machines. 

The second part of the paper dealt with operating 
experience with unearthed neutral. It was decided to 
try out (from 1933 onwards) the operation of some 
machines with the neutral unearthed but equipped 
with an earth detection scheme. The “ground 
detector” employed comprised a potential transformer 
coupled to the neutral of the generator feeding a volt- 
meter ground detector scale marked “ percentage 
ground,” with an alarm relay connected in parallel. 

The authors gave details of a number of occasions 
on which ground detectors had operated, and had 
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revealed damage which would have become more 
extensive had the machines been operating with 
earthed neutral and a power discharge had followed. 
They are satisfied that the use of ground detectors has 
given indication of developing grounds and has fre- 
quently permitted continuance in service until the 
unit could be released at a more convenient time. 
Damage to stator iron is practically eliminated when 
a winding failure occurs in a machine operated with 
the neutral ungrounded. 

Finally, they say that physical inspection only is not 
enough to ensure reliability of a winding, but when 
supplemented with a.c. over-voltage testing failures in 
service can be effectively eliminated. Such winding 
failures as have occurred during the tests caused a 
cost which can be more than offset by the savings 
accrued from continous operation between overhauls. 


CONSIDERATIONS ON THE STABILITY OF 
SPEED REGULATION OF A LOW HEAD 
HY DRO-GENERATOR UNIT, by Daniel Gaden, 
general manager of Charmilles Engineering Works 
Limited, Geneva, and Alexis Dejou, engineer of 
Electricité de France (Research and_ Design 
Department). 

The choice of the moment of inertia of hydro- 
electric generating units is generally determined by the 
necessity of obtaining stability of the speed regulation 
when the units operate alone on _ independent 
networks. 

The law expressing the variation of the weight of 
a generator of given characteristics (the price of a 
generator can be taken to be approximately propor- 
tional to its weight) in relation to the rotor inertia 
corresponds to a curve, passing through a minimum, 
which gives the most economic weight of a generator 
for a given, well determined moment of inertia, called 
the natural inertia of the machine. The curve shows 
that the weight of a generator will increase by barely 
more than 5%, to 6%, if the inertia increase is limited 
to 50% of the natural inertia, but that the weight 
increase will reach 15%, to 25% in the case of inertia 
equal to twice the natural inertia. 

Thus, there are important reasons why considera- 
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tion should be given to methods of avoiding any 
undue increase of the moment of inertia of a genera- 
tor above its natural inertia. 

Besides increasing the moment of inertia, which 
generally involves considerable additional costs, there 
are two other known means which can be employed 
to improve the stability of regulation. The first 
consists in diminishing the promptitude of the rate of 
response of the gover- { 
nor; this 





method is ee ees ene 





affecting the regulation of a machine, in the form of 
electrical quantities. The hydraulic servo-motors per- 
form the sole function of providing the requisite 
amplification of the control effort. 

The object of the governor was to achieve an in- 
strument which was readily adaptable to existing 
regulation problems and one which could solve 
various interesting new problems concerned with the 


Fig. 1: Diagram of electrically operated governor 
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of the governor does 
not adversely affect the precision of the frequency 
regulation when the unit carries a constant load 
torque. When the unit is interconnected with a large 
network, the reduced speed of the governor response 
reduces the share taken by this unit in the regulation 
of the network. 

The second method consists in adjusting the voltage 
regulation so that the voltage instead of being constant 
is made to vary, within certain limits, in direct 
proportion with the variation of the frequency. This 
variation was limited to a fairly narrow band above 
and below the normal frequency in voltage, and the 
method was found, in the course of the authors’ tests, 
to have a favourable effect on both the stability of 
regulation and the frequency control, and the slight 
temporary frequency variation caused by the use of 
this method should not, except in certain isolated 
cases, be a source of trouble in operation. 

The authors concluded that the choice of the 
moment of inertia of a generator rotor, which is 
appreciably higher than the natural inertia, should 
thus only be decided on after having examined the 
other two means available for improving the condi- 
tions of speed regulation; but the effect of these other 
means cannot be determined with precision without 
an exact knowledge of the characteristics of the net- 
work, mainly as regards the extent to which the load 
varies with frequency and with voltage. 


ELECTROHYDRAULIC REGULATION OF 
WATER TURBINES: (Part I) Principles and 
Application of an Electrically Operated Turbine 
Governor, by E. Brodersen and S. E. Hedstrém, 
Regulator Department, A.S.E.A., Vdsteras. (Part 
Il) The Swedish Network, Actual and Planned 
Regulation System, by B. Lof, Swedish State Power 
Board, Stockholm. (Part Ill) Investigation by 
Frequency Analysis of the Swedish Network, by K. 
Almstrom, Power Engineering Department, and A. 
Garde, Research Laboratory, A.S.E.A., Vdsteras. 
In the first part of this paper the authors described 

an electrically operated governor for water turbines 

which has been designed to take account of all factors 
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regulation of these machines. The principal advan- 
tage of the electrical operation arises from the fact that 
all functions of the governor could be easily adjusted 
within wide limits. The authors said that tuning a 
governor to the optimum all-round performance is 
still largely an empirical matter. 

In many cases it is almost impossible to obtain this 
unless adjustments can be easily made. Fig. | shows 
the main elements of a water turbine governor 
designed for total electric operation. The electronic 
regulator actuates the servo-motor 4. Its main 
elements comprise two balanced valves in push pull, 
a resonant circuit taking account of frequency, and a 
resistance capacity circuit providing the damping. The 
resonant circuit is fed from the voltage from a 
tachometer generator 6, or from voltage transformers 
connected to the busbars. The damping circuit is 
fed with D.C. from a potentiometer mechanically 
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actuated by the gates 5 so that the 
delivered is a function of the gate opening. 

The electrohydraulic operating device joins elec- 
trical and mechanical systems in the regulator and is 
shown in Fig 2. 

By the use of this regulator, the frequency sensi- 
tivity of the governor can be tested exactly within 
very wide limits; and the regulator, moreover, can be 
governed by any quantity that can be transformed into 
a voltage, such as frequency, gate-cpening, generator 
output, line load, line current, water level, water 
pressure, temperature quantities of various kinds— 
and where it is applied to steam turbines, steam 
atmosphere, and pressure. 

Ten water power plants have been equipped with 
governors of this type, operating since 1944, and in 
spite of the relatively sensitive electronic valves 
introduced in the governing mechanism, the operating 
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experience has been excellent, valve failure having 
occurred only in one case. 
Applications of the governor related to water level 


regulation, combined water level and frequency 
regulation, constant power output control, and the 
regulation of a station comprising several dissimilar 
units, where simple setting potentiometers on the 
control desk enabled exact settings to be arranged 
so that the greatest economy and efficiency in 
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operation could be ensured. Damping provided by 
the resistance capacity circuit avoids the difficulties of 
friction which arises from the use of mechanical 
appliances, and enables every kind of damping from 
negligible effect to infinite damping to be achieved. 
Curves given in the paper show the effect of operating 
the governor on various machines in Swedish Power 
Stations. 

The second part of the Paper dealt with the 
operation of Swedish power plants, and the author 
commenced by stating that the generating capacity at 
the end of 1949 comprised 3,000 megawatts of water 
power plants, 600 megawatts of condensing steam 
plants, and 200 megawatts of back pressure steam 
plants, giving a total generating capacity of 3,800 
megawatts. There was also connection to the Danish 
network, totalling 300 megawatts, and the total 
number of power plants under consideration is about 
1,450. Transmission systems are generally lengthy as 
the largest consumers’ centres are situated in the 
south of Sweden with the power resources in the 
middle and the north. 220 kV lines (and 380 kV lines 
in the future) are being used for this purpose. 

Load fluctuations in the national network are 
divided under three headings:— 

(a) Slow fluctuations, due to the natural load curve; but 
nevertheless containing a change of load of 50 megawatts 
per minute during peak periods; 

(b) Rapid fluctuations of a random character having an 
amplitude of about 1% of the total load; and, 

(c) Extremely rapid fluctuations due to oscillations between 
synchonous machines. 

Investigation has shown that the frquency regula- 
tion can be considered satisfactory from most 
customers’ points of view if held between 49.7 and 
50.3 cycles per second; but from the generating 
engineers’ point of view, the load despatchers cannot 
ascertain the load flows unless the frequency is held 
within plus or minus 0.1 cycle per second of the rated 
50 cycles per second. 

Previously frequency regulation in the Swedish net- 
work had been accomplished in the classical manner 
with only one water power plant regulating the 
frequency, the others running at fixed output. Draw- 
backs to this scheme are the heavy regulating effect 
required from the single station, and a scheme has 
been developed whereby one plant, called the master 
station, takes care of slow load fluctuations, but by the 
use of an effective damping does not respond to rapid 
ones. Several other plants with supporting stations 
operate with very low damping and take care of the 
rapid load fluctuations, and the third category of 
plants, called local stations, take care of fluctuating 
loads in their own neighbourhood. 

Thus, the requirements of the engineers of the three 
classes of stations are different, and by the use of the 
electronic governor (mentioned in Part I) these re- 
quirements can be met. 


CABLES 
THE USE OF CAPACITOR PLATES FOR 

EXTRA-HIGH-TENSION CABLE ENDS, by 

Ch. A. Flamand, Tréfileries et Laminoirs du Havre, 

France. 

The author showed that exhaustive tests have been 
in progress for some time (although they are not yet 
complete) and they show that there is a strong case 
for the use of capacitor-type cable terminations, 
especially for voltages of 150 to 220 kV. 
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THE DEVELOPMENT OF UNDERGROUND 
EXTRA-HIGH-VOLTAGE CABLE TECH- 
NIQUE IN FRANCE, by Maurice Laborde, chief 
engineer at the research department of Electricité 
de France, and Roger Tellier, engineer-in-charge of 
high-voltage cable research. 

In this paper the authors gave details of some 
experimental large-scale tests which are to be carried 
out at the Fontenay research station of Electricité de 
France, where facilities are in the course of completion 
for testing 220 kV and other high-voltage cables of 
all types under long term full load conditions. 


CABLES SHEATHED WITH ALUMINIUM, by 
P. M. Hollingsworth, M.Eng., manager, cable test 
and research department, Johnson and Phillips Ltd., 
Great Britain. 

Because of the scarcity of lead, attention has been 
focussed on the use of aluminium as a material for 
cable sheathing, and the author gave details of British 
experience since 1948 of over 200 miles of power 
cable for voltages up to and including 11 kV. He 
showed that no practical difficulties have arisen and 
that the performance of these cables is, in general, 
equal and in many cases superior to the performance 
of equivalent lead-covered cables. 


PROTECTIVE GEAR 

PRACTICAL RESULTS WITH NEW EQUIP- 
MENT FOR LOCATING TRANSIENT FAULTS, 
AND SOME RESULTS OF SLOW RECLOSURE 
AND AUTOMATIC TIE LINE RECONNECTION, 
by Carbanes, Rainbault, Revol, Dietsch, Devilaine, 
Lance, Regent, and Roche (Electricite de France). 

After considerable experimental work on the French 
network coupling the hydro-electric stations with the 
centres of load, the authors of this paper are satisfied 
that there is distinct advantage in the installation of 
both single-pole and three-pole automatic slow re- 
closure, but only in the case of highly interconnected 
networks. The term “ slow,” in this connection, mean- 
ing where the duration of the reclosing cycle is over 
1.5 seconds. 

A further section of the paper dealt with a method 
of locating transient faults by the aid of clamped 
ammeters and voltmeters installed at each end of the 
line and taking account of the symmetrical com- 
ponents of the current and voltage. The needles of 
these instruments, which are of a specially designed 
type having a ballistic constant (i.e. time taken for 
the needle to attain the steady position) of between 
90 and 100 milliseconds, are clamped after a pre- 
determined period, by a small solenoid operated from 
the line protective relays. Curves relating to any parti- 
cular line are drawn, and from these curves, taken in 
conjunction with the meter readings at each end, an 
estimate of the position of the fault can be obtained 
with an accuracy which is of the order of 3.5 per cent. 


MAINTENANCE OF PROTECTIVE GEAR ON 
HIGH VOLTAGE SYSTEMS, by F. J. Lane, M.Sc., 
M.1.E.E., and W. Casson, M.1.E.E., British Electricity 
Authority. 

Since the inception of the British grid the authors 
have been concerned with the design and maintenance 
of its protective gear, and in the course of this paper 
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they stated, first, that much still remains to be done 
by manufacturers of protective gear in regard to design 
to ensure that every possible facility is available for 
subsequent regular and simple maintenance opera- 
tions. This applies not only to the relays themselves, 
but also to the small wiring, the terminal joint box, 
the multicore cables, and the like. 

They then dealt with maintenance of protective gear 
channels by continual supervision by some automatic 
means, or by regular transmission of signals from end 
to end. They stated that this is particularly important 
in cases where channels are rented from the Post 
Office. 

Dealing with routine maintenance, they said that this 
can be divided into: 

(a) General inspection of equipment; 

(b) Insulation and continuity tests on wiring and relays; 

(c) Tripping and alarm tests; 

(d) Secondary injection tests; 

(e) Primary injection tests; 

(f) Tests on load; 

(g) Circuit breaker timing tests; and 

(h) Carrier current high frequency equipment tests. 

The paper gave details of the frequency of testing 
required under each of these headings, and detailed 
many of the methods they have employed. 


A NEW HIGH-SPEED DISTANCE RELAY, by 
J. Landmark Braten (Samkj6ringen), Association 
of Power Companies of Eastern Norway, Oslo; and 
Hans Hoel, N. Jacobsens Elektriske Verksted A/S, 
Oslo, Norway. 


A Norwegian development in protective gear is 
shown in this paper to consist of two or more rectifier 
systems, each of which is connected to a sum of two 
voltages which are proportionate to the short-circuit 
current and voltage respectively. The rectified cur- 
rents are compared in the relay RHC (shown in the 
diagram), which is just about to operate when the 
resulting ampere turns are equal to zero. The opera- 
tion of the relay RHC is shown to be dependent on 
the impedance of the short-circuit loop only, and 
various characteristic curves are obtainable by means 
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The system also allows for time-limit relays to be 
used in a modified design of the relay RHC, and the 
authors stated that protective gear of this type pro- 
vides for simple setting and testing of the characteris- 
tics and stable and reliable operation. Working 
characteristics are adjustable to all practical require- 
ments, and the parts are simple in performance and 
of small dimensions. Anti-hunting devices and equip- 
ment for additional carrier-current protection and 
high-speed automatic closing may also be added. 


SOME PRACTICAL ASPECTS OF PROTECTIVE 
EQUIPMENT MANAGEMENT, by W. Szwander, 
Dipl. Ing. (Warsaw), M.1.E.E.,. A.M1.Mech.E., 
chief technical assistant, Belfast Corporation Elec- 
tricity Department (Great Britain). 


In order that the simplest form of protection, that 
of time grading, should be utilised to the maximum 
advantage and, further, that there should be a simple 
and continual check on the discriminating characteris- 
tics of any given protective system in which time 
grading is employed, the author suggested that there 
are two essentials: first, a scheme should be devised 
whereby a reduction of hundreds of individual cases 
of protective gear setting calculations could be reduced 
to a few typical ones only; and that standardisation of 
relay and fuse time current characteristics should be 
sought after. By the use of log/log scales for rep- 
resenting these characteristics, easy comparison be- 
tween various curves can be made, thus rendering 
simplification and standardisation much easier. 


ECONOMIES IN HIGH-VOLTAGE POWER 
SYSTEM DESIGN RELATING TO THE NET- 
WORK OF THE U.S. BUREAU OF RECLAMA- 
TION, by W. A. Morgan and R. W. World, Bureau 
of Reclamation, Denver, Colorado, U.S.A. 


The U.S. Bureau of Reclamation has designed and 
constructed power plants having 2,807,400 kW of 
hydro-electric generating capacity, and 3,997 miles of 
transmission of voltages ranging from 33 kV to 230 
kV, while generating units are of sizes up to 108,000 
kVA in a single unit. There are several isolated 
power systems, but the majority of the plants are 
interconnected by high-voltage transmission networks. 

In this paper the authors stated that one of their 
principal objectives is the obtaining of the maximum 
amount of power system for the minimum expendi- 
ture, and substation design and protective equipment 
is based on the assumption that transformer and high- 
voltage busbar faults are rare occurrences. 

Figure | shows a typical substation layout in which 
the minimum of circuit-breakers are used. Current 
transformer circuits are not transferred when the spare 
breaker is used, and a line position in the substation 
is eliminated by putting the spare breaker in one of the 
transfer busbars positions of a transformer circuit. In 
this case the spare breaker is provided with a set of 
line relays connected to its bushing current trans- 
formers, and the relays may be used for any of the 
circuits by adjusting the settings. The spare breaker 
is put in a transformer circuit position because of the 
low probability of transformer or generator faults, as 
a fault in the transformer circuit when the spare 
breaker is being used for a line circuit would interrupt 
both circuits. 
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Another type of busbar arrangement used in many 
cases is that of the ring busbar, as shown in Figure 2, 
which has the advantage of eliminating the need for 
busbar differential protection when there are only a 
few circuits. This type of substation layout is more 
applicable to a load substation than to a power plant 
switching station. 

In giving further information about protective gear 
methods adopted, the authors, in Figure 3, show seven 
arrangements that aregenerally used for load substations 
of about 30,000 kW or less. In arrangement A and B 
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Fig. 2: Ring bus uses minimum of circuit breakers 
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the transformer differential relays trip all the circuit- 
breakers for either transformer or busbar faults. No 
spare breaker is provided, since the by-pass arrange- 
ments permit a line breaker being taken out for main- 
tenance. Arrangement C is used for unimportant 
loads served from an important transmission line, and 
in arrangement D fuses have been substituted for dif- 
ferential protection to save the cost of the high-voltage 
circuit-breaker, but here there is a disadvantage in 
that one blown fuse causes the transformer bank to 
operate single phase, with possible damage to syn- 
chronous machinery loads. The arrangement shown 
at E is seldom used except on radial lines terminating 
in transformers, while the scheme shown at F is used 
where it is desired to force the operation of line relays 
at the terminals, and employs a_ spring-operated 
earthing switch which protects the transformer against 
internal faults by means of differential relays, but has 
the disadvantage of causing an interruption to service 
on the line. The interrupter, shown in the final 
arrangement at G, makes use of a 3-phase disconnect- 
ing switch for removing the transformer from the 
lines where the fault duty is 500,000 kVA or less. 
These interrupters are not yet in commercial opera- 
tion, but their cost is less than that of circuit-breakers 
and they have promise where interrupting duty is low. 
The authors concluded by stating that economy in 
switching arrangements at power plants and receiving 
substations may be made by a careful examination of 
the number of circuit-breakers necessary, and by omit- 
ting those found not to be vitally needed, principally 
by taking advantage of the infrequency of transformer 
and high-voltage busbar faults. They also showed 
that much less protective gear equipment than that 
generally considered necessary can give adequate 
service reliability and freedom from interruption. 
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SWITCHGEAR 
RESISTANCE SHUNTS FOR HIGH VOLTAGE 
CIRCUIT BREAKERS, by C. H. Flurscheim, K. 

J. Saulex and R. W. Sillars, Metropolitan-Vicker 

Electrical Company, Great Britain. 

The use of linear or non-linear shunt impedances 
on high-voltage oil and 
air-blast circuit-breakers 
was discussed. It was 
shown that they may be 
of advantage in reducing 
the rate of rise of re-strik- 
ing voltages appearing 
across the circuit-breaker 
contacts; reducing the re- 
striking voltage peak at 
interruption; controlling 
voitage division across 
multi - break circuit- 
breakers; suppressing 
over - voltages produced 
by a circuit-breaker as 
the result of suppression 
of small inductive 
currents or “current 
chopping”; and assisting 
the interruption of charg- 
ing currents of long 
transmission lines without 
re- striking and _ over- 
voltage. 
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CHARACTERISTIC PROPERTIES OF SIMPLI- 
FIED AIRBLAST CIRCUIT BREAKERS FOR 
SERVICE VOLTAGES UP TO 380 kV, by H. 
Thommen, chief engineer, Brown Boveri Limited. 
The paper gave the results of extensive researches 

into the possibility of eliminating the ancillary isolator 

on high voltage airblast circuit-breakers. These in- 
vestigations have taken the form of perfecting the 
principle of multiple breaks across which the voltage 
is equally divided, and the use of compressed air as 
a dielectric during contact separation. 
1950 


WATER POWER July-August 












‘AGE 
m, K. 


‘icker 


ances 








Compressed air then causes rapid acceleration of the 
moving contacts. In a typical design there are four 
breaks in series; the moving contact first travels to an 
intermediate position, and then after extinction of the 
arc, moves On until an exhaust valve moves to the 
closed position; the compressed air passages being 
suitably designed, the gas tightness of this valve is un- 
impaired even during the most severe operating con- 
ditions. To close the breaker the working parts are 
put in communication with the atmosphere by means 
of a three-way valve, which then releases the com- 
pressed air and causes the moving contacts to come 
together again by the action of a further pneumatic 
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piston. There is an appreciable pressure in the arcing 
chamber at the time of making, thus the arc, when 
contact takes place, is suppressed. 

The authors took a firm stand on the controversial 
subject of the synthetic testing of breakers composed 
of multiple breaks, when they said that the voltage 
distribution and the performance of a single break 
being known, conclusions on the behaviour of the 
complete circuit breaker could be drawn. This makes 
it possible to pre-determine the circuit-breaking 
characteristic of a breaker even though only a fraction 
of its arcing capacity has been supplied in a station. 

After giving details of tests taken on a circuit- 
breaker installed on the 220 kV network of Electricité 
de France at the Fontenay station, the authors con- 
cluded by stating that a range of circuit-breakers 
operating on this principle has been constructed for 
service voltages from 80 to 380 kV, the principal parts 
remaining identical but the number used in each case 
being varied. Weather-proofness and mechanical 
endurance have been proved, and the minimum of 
maintenance is required. Adaptation to rapid reclos- 
ing on single or 3-phase faults is easy, and high speeds 
of operation are obtained. 


RE-STRIKING VOLTAGE IN BRITISH 66 kV 
NETWORKS, by L. Gosland, B.Sc., M.1.E.E., and 
J. S. Vosper, B.Sc. (Eng.). 

An examination of all British 66 kV _ networks 
shows (except in rare cases which are obvious by 
inspection) that maximum rates of rise of voltage in 
66 kV networks generally do not exceed 3,500 volts 
per microsecond. High rates of rise, that is above 
2,000 volts per microsecond, are associated with the 
Open type and bushing type busbars and capacitors. 
In generating stations in which liberal use is made of 
66 kV cable, no rates of rise exceed 1,300 volts per 
microsecond. These figures, which are set down for 
the first time in a report by the Electrical Research 
Association, at the request of the interested sections 
of British electrical industry, may be of assistance 
to those engineers concerned with hydro-power net- 
works who have to choose circuit-breakers for 
arduous duties under conditions of increased inter- 
connection. 
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TESTING OF _ RE - STRIKING - VOLTAGE 
CHARACTERISTICS AND CIRCUIT- 
BREAKER PROVING, by J. S. Cliff, M.1E.E., 
vice-chairman, technical committee, Association of 
he Short Circuit Testing Authorities, Great Britain. 


In order to assign breaking capacity rating to many 
forms of circuit-breaker, it is necessary to realise that 
the re-striking voltage severity plays a most important 
part in the test circuit. Consequently it was decided 
to investigate the re-striking voltage characteristics of 
the testing stations of the British Association of Short 
Circuit Testing Authorities, and the author gave the 
result in terms of rate of rise of re-striking voltage, 
with a specified peak value. The paper, therefore, rep- 
resents one more step towards providing inter- 
nationally accepted and uniform circuit-breaker 
ratings and specifications. 


SOME PRINCIPLES LEADING TO THE CON- 
STRUCTION OF METALCLAD SWITCH- 
GEAR FOR EXTRA HIGH VOLTAGES, by 
H. A. Hidde Nijland, Director General of N.V. 
“Coq,” Utrecht (The Netherlands). 


While the general tendency in modern switchgear 
design has been strongly set towards open-type 
switchgear, either of the oil-filled or airblast designs 
for the very high voltages now being used on hydro 
power networks, the author of this paper suggested 
that the metalclad designs, which for many years held 
the field in lower voltage ranges, may now be de- 
veloped for use at extra high tension. 

This has been carried out by the use of three basic 
principles: the use of concentrical structures in which 
the conductors, having circular cross sections, are 
positioned in the central line of tubular casings; the 
separation of the switching spaces from the insulating 
spaces by means of concentric tubes of insulating 
material; and the arrangement whereby the switching 
element proper can be vertically removed from the 
stationary casing. 

A bank of 150 kV circuit-breakers, designed accord- 
ing to these principles, has been put into operation and 
the author suggesied that by separating the insulation 
problems from those appertaining to the making and 
breaking of a circuit a way has been opened for the 
construction of small bulk and highly accessible metal- 
clad switchgear for the highest voltages. 


SYNTHETIC SHORT-CIRCUIT TESTING OF 
CIRCUIT-BREAKERS, by B. Thorén, engineer, 
Short-Circuit Testing Station, A.S.E.A., Ludvika, 
Sweden. 


The author dealt with the controversial problem of 
synthetic testing, and stated that in his opinion this is 
reasonably practicable providing the right types of 
voltage and current circuit are employed to simulate 
the direct test. 

He suggested that of the two alternatives for the 
current circuit—the a.c. generator and the low fre- 
quency oscillating circuit--the a.c. generator is 
superior, and for the voltage circuit he suggested a 
surge generator combined with an oscillating circuit, 
but with the addition of an auxiliary breaker between 
the current circuit and the test breaker, which is dis- 
connected during the voltage interval. In this way the 
transient recovery voltage will not be influenced by 
the residual current in the breaker. While realising 
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that a synthetic test will never produce exactly the 
same stresses as a direct test, the author stated that a 
proving test might be quite satisfactory if carefully 
carried out by the synthetic methods outlined in the 


paper. 


THE NATURAL FREQUENCIES IN A 50 kV 
OVERHEAD LINE SYSTEM AND IN THE 110 
kV TRANSMISSION SYSTEM OF THE 
NETHERLANDS, by D. Th. J. Ter Horsl, Short- 
Circuit Testing Station of KEMA, Arnhem 
(Netherlands). 

Engineers who are concerned with the planning of 
power networks have, in the past few years, become 
increasingly interested in the natural frequencies 
occurring in the recovery voltages after short-circuit in 
a given system, and this paper is an example of one 
more contribution to knowledge in this field. The 
author showed that for the 50 kV system existing in 
the Netherlands, natural frequencies can reach nearly 
every value between 0 and 7,600 cycles a second, but 
it showed also that small lengths of cable between the 
50 kV side of the transformers and the main busbars 
played an important role in lowering the maximum 
values of the frquency. For the 110 kV grid system 
the natural frequencies were relatively low with the 
exception of those times when long lines were dis- 
connected. 


RECENT DEVELOPMENTS IN HIGH- 


VOLTAGE CIRCUIT-BREAKER TESTING IN 
FRANCE, by M. Laborde, Chef du Service du 
Matériel de Réseaux a la Direction des Etudes et 
Recherches d’Electricité de France, and Y. Baron, 
Ingenieur au Service ci-dessus Chargé des Re- 


cherches sur le Matériel d’ Interruption. 

In presenting this paper, the authors have reason 
to be proud of the initiative and enterprise shown by 
Electricite de France in providing, at Fontenay near 
Paris, what is possibly the most extensive and com- 
pletely equipped high-voltage testing station existing 
anywhere in the world. 

They commenced by showing that the French high- 
tension network contains service voltages of 90, 110, 
150 and 220 kV, with a total of 961 circuit-breakers. 
A number of circuit-breakers are of over 3,500 MVA 
rupturing capacity (for some of the circuit-breakers 
on the 220 kV system). Practically every type of 
modern design is in use, including both minimum oil 
and airblast designs. 

European manufacturers have been producing 
various new solutions to the circuit-breaking problem 
for extra-high voltages, and the urgency of the needs 
of Electricite de France, in regard to the extension of 
its transmission network, has led to instances where 
new designs have had to be put into service before 
they are sufficiently mature. 

Various authorities have advocated direct testing 
of circuit-breakers on the transmission system itself, 
but the authors felt that this operation places an 
unfair stress on the machines and equipment in 
service, and may contribute to their ageing, or may 
cause various failures of supply. (In fact, however, 
they stated that this risk is limited and compensated 
by the advantage that the tests can be applied at a 
chosen time when precautions can be taken.) 
Another disadvantage of direct tests is that space and 
equipment available in substations is limited and, 
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further, if a circuit-breaker should fail on test, it is 
possible that damage might be caused to adjacent 
apparatus. Secondary repercussions on control equip- 
ment, on signal wiring and on operating schedules may 
also arise from a direct test. Nevertheless, in spite 
of these disadvantages, it was considered by the re- 
sponsible engineers that it was only by testing, with 
the use of the actual network as a source of power, 
that short-circuit tests could be adequately carried 
out. The principal disadvantages may be said to re- 
late to tests on substations not primarily designed for 
testing purposes, and they, therefore, decided in plan- 
ning their testing station, to feed it from the network 
under carefully controlled and safeguarded conditions, 
and to carry out tests only in the specially prepared 
test bays in which every facility was available. 

The high-power testing station of Electricite de 
France, which is an integral part of a much larger 
scheme, known as the Centrale National de Recherches 
et d’Essais des Réseaux a Haute Tension Francais, 
was designed to contain an extra-high-tension voltage 
testing laboratory, a high-power testing station, a high- 
tension cable testing station, and various auxiliary 
testing and workshop equipment. It also includes a 
220 kV switching station by which power may be 
obtained from the 220 kV Parisian network. This 
substation provides two tie lines and permits of very 
high power tests, all being applied under proper con- 
ditions with intermediate circuit-breakers, and means 
whereby the testing station may be fed directly from 
Issy-les-Moulimeaux power station. 

Test bays equipped with every possible facility for 
any kind of circuit-breaker are provided, and there 
are two independent oscilloscope rooms. These are 
equipped with sealed cathode-ray tube oscilloscopes 
of the Baron type, in which fifteen sealed cathode-ray 
tubes are arranged to record, on sensitized paper, an 
oscillogram every 30 seconds. There is also mobile 
measuring equipment which can be used not only in 
the testing station, but in any other point in the 
system. A short-circuit capacity available at the 220 
kV busbars at Fontenay may reach 2,800,000 kVA at 
an inherent frequency of the order of 600 cycles a 
second. 

The station has been in commission since the end of 
1949, and two series of tests have been carried out on 
low oil content circuit-breakers, one design manufac- 
tured in France and the other in Switzerland. 


CIRCUIT-BREAKERS FOR VERY-HIGH VOL- 
TAGE TIE LINES, by M. Perolini, Soc. Alsthom, 
France. 


The design of the circuit-breaker shown here is 
proved by theoretical considerations on practical tests 
set out by the author, to fulfil the requirements of 
modern high-voltage circuit-breakers; and these he 
details under four headings: (1) Increased rupturing 
capacity due to the steady rise in plant installed and 
the development of network interconnections; (2) re- 
duction in operating time required for stability: (3) 
the desire to reduce or suppress the over-voltages 
caused by opening on weak inductive currents and 
long lines operating on no load; and (4) operation 
under special conditions such as in phase operation 
when systems fall out of step. 

In this design there are six breaks arranged in three 
identical groups of two at the point marked A, and 
each group comprises an intermediate vessel in which 
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Checking electrodynamic effects on the break of two 
elements placed in series 


are mounted two separate breaks fed from a common 
valve fitted in housing B. Switched resistances are 
used to reduce over-voltages, thus it is necessary to 
employ extra equipment capable of interrupting the 
current through the resistances. The multi-break 
connector, shown at C, fulfils both these functions, and 
also that of providing the necessary isolation after the 
breaker has opened. Breaking times, not exceeding 
two cycles, can be achieved by this design. Automatic 
reclosing requires a regular time of opening in- 
dependent of the value of the fault current, and 
extremely rapid de-ionisation on the breaks. 


TOWERS AND TRANSMISSION LINES 
110 kV AND 220 kV POWER LINES IN THE 
NETWORK OF IMATRAN VOIMA OY _ IN 
FINLAND, by V. Axelson, L. Haro, M. Laurila, 
Engineers, Imatran Voima Osakeyhtio, Finland 
(Imatra Power Company). en 


The Finnish power economy \ 


considerable, and accordingly the lines are equipped 
with two earth wires, the correct location of which 
has been determined by model tests. Once the tower 
sites have been fixed the earth resistivity is measured 
at each tower site and the earthing designed accord- 
ingly. When choosing insulators and fittings, the effect 
of the temperature variations have to be taken into 
consideration. 

Wood and steel tower constructions are used, but 
for 220 kV transmission lines steel has been the only 
material employed, and a triangular cross section 
instead of the more common square design for the 
members has been found to achieve a saving in cost 
of 28 per cent. There are no strain towers along the 
220 kV transmission line, other than transposition 
towers some 14 kilometres apart. For the 110 kV 
transmission lines wood poles have been used very 
largely. Copper conductors are employed of various 
sizes with compression joints of German manufacture. 

A severe test on insulators, in view of the climatic 
conditions, had to be imposed, and insulator strings 
were cooled ten times under constant load to between 
— 50°C. and - 70°C. for 24 hours on each cooling. 
The results obtained from this test confirmed the 
experience found in practice, and it is used to prove 
which insulators are the most suitable for lightning 
conditions. Arcing horns at the top of the string are 
not used in 110 kV lines, although they are employed 
at the cable, but in the 220 kV lines arcing rings are 
everywhere used. 

i 
TRANSFORMERS 


OPERATION OF POWER TRANSFORMERS, by 
E. T. Norris, M.1.Mech.E., M.1.E.E., Fellow 
A.1.E.E., of Ferranti and Company, Great Britain. 


The author indicated the various types of tempera- 
ture and safe-load indicators, and showed that the 
readings obtained from oil-temperature records must 
be interpreted with care, as they do not necessarily 
give definite and reliable information on the load 
capacity. Dealing with transformer oil, he stated that 
electric strength is the most direct indication at present 
available of dielectric value, but without a crackle test 
it is not conclusive. Sludge formation has been 


studied intensively for over 30 years, but experts in 
different countries show little sign of agreement. 
Protection in modern practice is generally by the 





is mainly based on utilisation 





of water resources, most of 
which are situated in the east | 
and north of Finland, while 4 
the centre of industry is in the 
southern and south western 
parts of the country. For this 
reason the distances for power \ 
transmission are great and 
the proportion of the total \ 
expenditure relating to trans- 
mission line costs has a con- 
siderable influence on the 
energy prices. 

Due to the extent of the 

















network and the tower earth- 1 
ing conditions, the possibility 
of trouble from lightning is 
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aid of Buchholz relays, but the indications given by 
the accumulation of gas in this device are uncertain 
and the evolution of gas does not necessarily mean that 
the transformer must immediately be taken out of 
service and untanked. 


A NEW TYPE OF TRANSFORMER WINDING 
GIVING IMPROVED IMPULSE VOLTAGE 
DISTRIBUTION, by A. T. Chadwick, J. M. 
Ferguson, D. H. Ryder and G. F. Stearn, The 
English Electric Company, Stafford, Great Britain. 
A method of interleaving coils in transformer wind- 

ings, so that between consecutive turns of a coil other 

turns which are electrically further down in the 
winding are interleaved, was described. By this 
method they solved the difficult problem of providing 
adequate axial insulation by limiting the coil-to-coil 
stresses to values readily met without excessive 
insulation at any part. Thus it is easier to design 
power transformers to withstand the impulse voltages 
now being specified for the highest voltage systems. 


THE BEHAVIOUR OF HIGH POWER TRANS- 
FORMERS UNDER THERMAL AND ELEC- 
TRICAL STRESSES, by H. Chevalier and H. 
Demoulin, Ateliers de Constructions Electriques de 
Charleroi, Belgium. 

The development of transformers towards units of 
ever increasing output, the authors stated, makes it 
necessary to increase their power-weight ratio. This 
requires a complete definition and an accurate 
measurement of their rated power in order to render 
a comparison between different transformer designs 
possible. They stated that in recent times 3-phase 
units of about 150 MVA have been installed, while 
transformers of 250 MVA in three single phase units 
are projected for extra high voltage systems of 360 
to 400 kV. 

They also stated that the thermal behaviour 
depends mainly on an accurate knowledge of the tem- 
perature reached in the hottest parts of the vulnerable 
components and of the method of checking these hot 
spots. Once these two problems have been solved 
thermal relays may be employed which make it 
possible to utilise the load capacity of the transformer 
to the utmost and to accept certain exceptional over- 
loads with, however, a definite sacrifice of the useful 
life. The authors concluded by stating that it would be 
very useful if an international standard of transformer 
overload definitions could be established. They them- 
selves choose the interleaved shell type transformer as 
being the most efficient design for high power outputs. 


THE STRESSES DUE TO SURGES IN MODERN 
TRANSFORMERS, by Ch. Degoumois, chief 
engineer, and W. Zoller, engineer, Brown Boveri 
& Co., Baden, Switzerland. 

The results of an experimental investigation of the 
stresses to which the insulation across adjacent coils 
of power transformers is subjected as a result of light- 
ning surges are given in this paper. The authors 
showed that the stresses reach their maximum values 
when the applied surge has a very steep wave front 
and a very long tail, and that they depend not only 
on the amplitudes, but also on the durations of the 
inter-coil surge voltage. 

After giving a great deal of information concerning 
the wave shape producing the greatest stresses and 
the mechanism of the penetration of waves into the 
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windings, the authors suggested that the design of the 
inter-coil insulation of transformers can be based 
exclusively on the stresses produced by a rectangular 
wave; but in considering this statement they wished 
it to be understood that they referred to equivlaent 
stresses, i.e., a stress value which involves not only 
the amplitude of the inter-coil volts, but also the 
duration of their application. As the equivalent 
stresses of the first coils of the winding exceeds that 
of the other coils, the first coils should be wound with 
reinforced insulation. The reflection at the end of a 
winding produced higher inter-coil stresses if the 
neutral point is earthed than if it is insulated. The 
type of connection of the low voltage winding may 
also exert an influence on the value of inter-coil 
stresses, the parallel connection giving rise to lower 
values than the series connection. 


PRICE-DETERMINING PARAMETERS FOR 
LARGE HIGH VOLTAGE TRANSFORMERS, 
by M. Pichon, chief engineer, Société Alsthom, 
France. 

The author stated that the price of a transformer 
is determined by its operating conditions, installation, 


A. PRICE. 
B. WEIGHT. 


VOLTAGE. 


Curves of prices and weights in function 
of operating voltage 


type of construction, quality of materials employed 


and transportation limits. For economic reasons it 
is advisable to include in one unit the maximum 
transformer capacity possible, but safety considera- 
tions form a limiting factor. The price of a trans- 
former can be reduced by lowering its degree of 
insulation, or in planning it with reduced insulation 
of the high tension winding neutral point. Forced 
circulation of oil permits minimum dimensions, but 
imposes certain limitations, notably that the trans- 
former cannot be operated if the auxiliary supplies 
or the cooling equipment fail. The core type con- 
struction with concentric windings is more economic 
than the shell type with alternate windings. 
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POWER TRANSFORMERS FOR HIGH 
VOLTAGE TRANSMISSION, by J. R. Meador, 
transformer engineer, General Electric Company, 
Pittsfield, Mass., U.S.A. 

The principal point raised in Mr. Meador’s paper 
concerned the use of thyrite in power transformers. 
He showed in the preface the importance of electro- 
static shielding as a means of controlling impulse 
voltage distribution, and then went on to say that 
under certain conditions the same or a better result 
could be achieved by the use of a non-linear resistance 
such as thyrite. 

This material may be used within transformers to 
perform one or more of three important functions: 

1.—To limit the impulse voltage across the 
portion of winding to which it is applied; 

2.—To control impulse voltage distribution; 

3.—To establish and fix the potential of 
momentarily or continuously “ floating” windings. 

In the first case, a portion of the winding is shunted 
by a stack of thyrite discs, and the non-linear 
character of the material is such that at normal 
power frequency operating voltages its resistance is 
sufficiently high as to have no appreciable effect on 
the transformer characteristics. When carrying surge 
currents, however, its resistance decreases and limits 
the voltage across it and across the connected portion 
of the windings to a predetermined safe level. 

In its second function of controlling the impulse 
voltage distribution, intermediate points of the 
windings are connected to intermediate points of the 
thyrite stack and since this is a non-inductive resis- 
tance of quite a low value under high transient 
voltages compared with the impedance of the shunted 
winding, it takes over the function of voltage distribu- 
tion and divides the voltage uniformly along the 
thyrite and the winding. Thirdly, it is used in con- 
nection with circuits for tap changing under load, and 
for fixing the potential of stabilising windings having 
no external leads. 


A NEW DEVICE FOR KEEPING A NITROGEN 
ATMOSPHERE IN TRANSFORMERS BY 
MEANS OF A FLEXIBLE RESERVOIR, by 
H. Josse, chief of the electrical division of thermal 
production at Electricité de France. 


It was suggested that the use of a_ nitrogen 
atmosphere in transformers prevents the possibility of 
condensed water gaining ingress through the breathing 
of the conservator, giving rise to oil or insulation 
troubles. He showed an arrangement whereby this 
can be carried out using one or more flexible rubber 
nitrogen reservoirs keeping a low pressure of nitrogen 
in the conservator. By this means it is claimed that 
maintenance of the transformer oil needs to be carried 
out at very much longer intervals than is now the 
case. 


AN EXPERIMENTAL CONTRIBUTION TO THE 
STUDY OF TRANSFORMER INSULATION, by 
Langlois-Berthelot, Neuve-Eglise, Kohn and 
Renaudin, Electricité de France. 

The authors described improvements in_ the 
arrangements for observing the effects on transformer 
insulation of impulse tests, and stated that surge-test 
conditions still need precise stipulation as to the circuit 
arrangements for 3-phase transformers, chopped wave 
tests and over-voltages transferred from one winding 
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to the other. They concluded by stating that impulse 
tests were now sufficiently developed to enable them to 
be used as industrial acceptance tests. 


SIMPLIFIED DEVICE FOR THE PROTECTION 
OF EXTRA HIGH VOLTAGE TRANS- 
FORMERS AND RESULTS OF _ THEIR 
APPLICATION, by Dietsch, Henriet and Laurrue, 
Electricité de France. 


In the place of the more usually applied differential 
protection used on the majority of present-day high- 
voltage transformers of large power, the authors 
advocated a more simple and less expensive type of 
protection in which the transformer tank is insulated 
from earth, and the protection operates by the 
measurement of the current circulating in the connec- 
tion between the transformer tank and the system 
earth. It is only applicable to transformers in which 
the system neutral is earthed through an impedance 
which does not limit the current to a value less than 
a certain fraction of the rated transformer current. 
They gave details of operating experience with this 
type of protection on a number of installations 
belonging to Electricité de France. 


MISCELLANEOUS 


CONCERNING THE GROWTH OF ELECTRIC- 
ITY PRODUCTION AND SOME CONSIDERA- 
TIONS ON THE PROBLEM OF MEETING THE 
FUTURE DEMAND, by J. Kopeliowitch, D.Sc. Eng. 
Dipl., The Palestine Electric Corporation Limited, 
Haifa, Israel. 

Readers of Water Power will recall that in 
volume one (No. 5) Dr. Kopeliowitch wrote on the 
long term forecasting of the world’s power demands. 
In the paper now presented at the 1950 C.L.G.R.E. 
Conference he takes the subject a stage further. 

It is stated that statistical data from all over the 
world, which he has analysed up to the present time, 
shows that the future annual additions required to 
generating capacity in the principal industrial coun- 
tries are likely to be of the order of 20,000 to 25,000 
megawatts a year in the next few years; and that these 
plants will be needed to produce annual increments 
of output of the order of 80 to 100 milliards of kWh. 
When it is realised that the magnitude of the largest 
country’s manufacturing capacity—that of the United 
States of America—is approximately 10,000 mega- 
watts annually, of which about 70 per cent is required 
for its own expansions, it will be appreciated that 
generating plant shortage is likely to persist for a 
number of years to come. 

To make the best use of existing and new generating 
plants, the author suggested that in Europe at any 
rate a properly designed supergrid could level out 
daily load fluctuations to such an extent thai the 
maximum efficiency in operation could be obtained 
from the hydro-electric plants and from the thermal 
stations, and the economy so obtained would justify 
the costs of the construction of the proposed grid 
system. Another measure likely to contribute to the 
levelling of load is the introduction of multiple rate 
tariffs in conjunction with central load control, and 
the varying (according to seasonal fluctuations) of the 
hours to which higher peak load rates will be applic- 
able. Dr. Kopeliowitch also suggested that more might 
be done to specify exact definitions of overloading. 
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The Tummel-Garry Project 


PROBLEMS AT PITLOCHRY 


Some account of the problems and difficulties encountered in the 
construction of the Pitlochry power house and dam was recently 
given by Mr. J. Guthrie Brown, a civil engineering member of 
the Technical Panel appointed by the North of Scotland Hydro- 
Electric Board, to a meeting of the Institution of Structural 
Engineers in London. A summary of his paper is given here 


Pitlochry Station, designed for two 7,500 kW 
generators working under a head of 46 feet is the 
smallest of the three power stations in the Tummel- 
Garry project. 

Clunie Station and dam [see current issue] is imme- 
diately above Pitlochry, while the Errochty Power 
Station, the third and largest of the scheme, is situated 
at the head of Loch Tummel. 

The area provisionally chosen for the location of 
the dam and power station, something under two 
miles below the Clunie station on the River Tummel, 
was carefully explored both by bores and geophysical 
investigation. There was evidence of rock in the River 
Tummel, but on each side there were very heavy 
deposits of moraine under which the rock level rose 
very slowly. On the Pitlochry side there was, in fact, 
evidence of a subsidiary valley in the rock and further 
exploratory borings showed the rock level fell to about 
50 feet below the rock in the river bed; the length 
from the centre of the river to the point where the 
rock rose again to a level above the top water level 
on the reservoir was not less than 1,090 feet. 


The design as developed comprised a concrete 
gravity dam 475 feet long and 54 feet above bed level. 
The spillway has to cope with severe floods, very 
sudden in intensity, caused mainly by heavy rainfall 
in the 322 square miles of catchment area of the Garry 
and its tributaries. To deal with these floods which 
might amount to over 40,000 cusecs or more, two 
drum gates (of a type similar to those at the Clunie 
Dam) are provided, each 90 ft. long and 16 ft. deep, 
together with a central sluice measuring 10 ft. wide 
by 13 ft. 6 ins. high. 

To effect a complete seal there are two cut-off walls 
through the moraine and rock on each side of the 
dam proper. That on the north side averages 5 ft. 
thick and measures 900 ft. in length. At its deepest 
part it is 150 ft. below natural ground surface, and 
was formed in trench. On this side ground water level 
was reached at 260 ft. O.D. and the construction to 
60 ft. below this involved extensive pumping. At the 


The first of the three 19,000 kW sets to be installed 
in the Clunie station 
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deepest point it was necessary to adopt heavy pressure The Tummel-Garry Scheme, showing catchment area 
grouting of the moraine to limit the entry of water and sites of power stations 

and simplify the trench excavation to rock level. On 

the other side drier conditions were experienced for the machines are formed of reinforced concrete, and 
the cut-off, which measures 250 ft. long. This cut-off these, with the reinforced concrete draft tubes, in- 
was formed wholly in heading. volved a large amount of complex shuttering. 

The method of construction of the dam was A fish pass 1,020 ft. long, of 33 compartments, 
generally similar to that adopted for Clunie, except each approximately 25 ft. long and 14 ft. wide, by 
that in this case the right-hand side which incorporates 8 ft. deep has been provided, giving a rise of 18 ins. 
the power station was dealt with first. The coffer dam between adjacent pools. 
to mid-stream was constructed of two rows of sheet As at Clunie the whole has been faced with re- 
piling filled with broken stone and fine gravel, the constructed stone slabs, and is designed to fit in 
level being selected to keep out certain of the floods, unobtrusively with the surroundings. 
but for major floods to allow the water to pass over Consequent on the formation of the Pitlochry 
and fill the enclosed area. The method was heavily reservoir Clunie Bridge about threequarters of a mile 
tested in practice for four floods were experienced in upstream has been flooded and replaced by a new 
the period from September 1947, to January 1949, road bridge some threequarters of a mile below the 
all of which came over the top and flooded the work dam, but to give pedestrians passage across the 
but without doing any major damage. reservoir at the spot previously occupied by the Clunie 

The power station has a turbine house measuring Bridge, a new aluminium alloy bridge has been 
106 ft. by 45 ft. It contains two Kaplan type turbo- constructed. It has a central span of 172 ft. 6 ins. with 
alternators each with a capacity of 7,500 kW and _ two side spans of 69 ft. each. The total length of the 
requiring a flow of 2,360 cusecs when under full load. structure is 310 ft. 6 ins. and being made entirely of 
The intake to each machine measures 39 ft. by 27 ft. aluminium, including the rivets, is believed to be the 
6 ins., divided by a splitter wall. The spiral casings for _ first of its type to be built in this country. 
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Water Power in Hungary 


Owing to the increasing demand for electric energy, 
on the one hand and to the relatively slender coal 
reserves available on the other, Hungary has been 
compelled to devote more and more attention to the 
expansion of water power. Hitherto, coal had been 
practically the only source of electric energy and the 
latest surveys assess that the available reserves will 
have been exhausted within 125 years—a more con- 
servative estimate giving 83 years. With an appropriate 
network of transmission lines all over the country, 
it would be possible to utilise to the full the widely 
fluctuating output of water power. Should the present 
aggregate output of 35 mill. kWh be increased to 
some 230 or 250 mill. kWh, however, it would not 
cover more than 14 to 15 per cent. of present require- 
ments, and by the time the generation of water power 
in Hungary has approached these figures the output 
of steam-power plants will have increased to such an 
extent that the share of water power is unlikely to 
exceed 20 to 25 per cent. 

On the other hand there is no obstacle to the setting 
up of water-power stations especially designed for 
outputs restricted to 50 per cent. of the discharge time. 
The Kaplan turbine, so easily adaptable to low heads 
and variable discharges will undoubedly prove a great 
asset. In view of the facts that dam reservoirs are 
required for irrigation purposes, and are also bene- 
ficial to river navigation, the cost of water-power 
generation would, in most instances, be relatively low. 
A carefully planned utilisation of the resources avail- 
able in Eastern Hungary would considerably improve 
the position, particularly if cooperation could be 
established between Hungarian run-of-river plants and 
stations located in the mountainous regions beyond 
the frontier because, at flood periods, the output of 
the former decreases while that of the latter increases. 

As early as 1905 a full survey of water-power re- 
sources was made in Hungary but the data obtained 
are now quite out of date. The water-power resources 
now theoretically available have been computed ac- 
cording to formula 


1,000 gh 


75 0.736 


T 9.8 gh 


while discharge and head have been taken as constant 
within each stretch of river separately according to 
formula 


1,000 gh 


75 0.736 


T= 9.8 S gh. 


Characteristic values of both capacities T and 
annual power outputs = are generally calculated on 
the basis of discharges of 100, 95, and 50 per cent. 
duration, as well as of the mean discharge. On the 
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basis of 50 per cent. duration discharge, a total 
capacity of 960,000 kW, i.e. 7,200 mill. kWh per 
annum, is theoretically available. Value S 50/395, 
which is highly characteristic of hydrographical con- 
ditions, is 1.67 for the Danube, and 2.85 for the Tisza. 
If non-utilisable river stretches and head and con- 
version losses are taken into account, the amount of 
energy estimated to be available is about 2,000 mill. 
kWh. 

Taking as an example the stretch of the Danube 
south of Budapest, a 57,000 kW water-power plant 
could generate a total of 400 mill. kWh per annum, 
assuming a head of 6.20 m and a discharge of g 50= 
2,200 m*/sec. The site of this plant, height of the 
dam, and final discharge are still under consideration. 
The erection of four dams, with utilisable heads vary- 
ing between 5.0 and 6.5 m is contemplated in con- 
nection with the Hungarian Lowlands Irrigation 
Scheme. 

The 10 Years Plan comprises the setting up of eight 
power plants with an output of 500 mill. kWh per 
annum. Leaving aside plants below 100 kW capacity 
the present annual output of all the water-power 
stations now existing in Hungary varies between 30 
and 40 mill. kWh, hardly covering 2 per cent. of 
requirements. (Dr. E. Mosonyi, “ Viziigyi Kdézlemé- 
nyek”’ (“Hydraulic Records’), Vol. 30, No. 2, p. 160, 
27 pp., 9 ff.) 


Francis or Pelton for High Heads 


One of the many problems which confront the 
engineer when dealing with the installation of hydro- 
electric stations at operating heads of 200 to 500 m. 
is the choice of the turbine best suited to the con- 
ditions. The article under review — a comparative 
study of the Francis and Pelton types -—is a parti- 
cularly interesting contribution to the controversy on 
this point, coming as it does from an engineering 
concern which specialises in the construction of 
turbines of all types for a wide range of operating 
conditions.* While thirty years ago high heads were 
practically a monopoly of the Pelton wheel, the 
Francis turbine is now coming more and more to the 
fore, especially since stainless steel, which increases 
the resistance to erosion, has been available to manu- 
facturers. Since 1930, 25 Francis turbines have been 
installed in Switzerland for heads varying between 
208 and 336.5 m, and outputs between 9,000 and 
70,500 metric HP. 

The author summarises the advantages of the 
Francis turbine over the Pelton wheel as follows:— 
With regard to head utilisation, the Francis type is 
definitely superior, especially in the case of a variable 
tailrace level. It utilises the head to the full, even 
when conditions make it necessary to place the runner 
at a point close to the lowest tailrace level, while the 
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Pelton wheel must be situated at least 2 m. above this 
level. Referred to the head available, this means a 
loss of between 0.67 and 1.66 per cent. as against the 
Francis type. Furthermore Francis turbines overcome 
variations of head better than the Pelton wheel. 

As to efficiency, each instance must be examined 
individually in relation to the load factor. With reser- 




















types of Francis turbines are all fitted with stainless 
steel wheels which, in addition to their greater resist- 
ance to erosion, can easily be repaired by welding, 
and have a considerably longer economic life. (R. C. 
Collet, “ Bulletin Technique de la Suisse Romande,” 
Vol. 76, No. 1, p. 1; 9 pp., 11 ff.). 

*Alsthom, Charmilles Works. 
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voirs ensuring a regular flow of water the Francis has 
generally a higher efficiency; on the other hand, the 
Pelton wheel takes the lead if one of the generating 
sets has to run at low load during a protracted period 
or, in installations set up at tailrace level, if the flow 
remains below half the load of one set during long 
periods. The higher specific speed of the Francis is 
reflected in lower installation costs, as the size of the 
generator and other equipment can be greatly reduced 
and a smaller power house is required, as is clearly 
shown in the accompanying diagram. Wear and tear 
is smaller in Francis and maintenance work is less. 
Overhauls are not so necessary to maintain efficiency 
in the vicinity of the initial value. 

It is worth noting that the writer bases his con- 
clusions in favour of the Francis turbine on the 
experience gained at the Piottino Power Station where 
two Francis turbines are equipped with bronze 
runners. These turbines, each of which develops 
32,000 metric h.p. at a speed of 750 r.p.m., operate at 
a head of 323 m, and have now 100,000 hours to their 
credit, and are still giving entire satisfaction. The latest 
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Record-Size Expansion Joints 
for Davis Dam Penstocks 


Near record-size expansion joints (46 ton, 22 ft. 
inside diameter) are being installed in penstocks of 
Davis Dam on the Colorado River, 65 miles below 
Hoover Dam. These joints have little to do with 
expansion in the five penstocks, their actual function 
being to allow differential movement between the 
intake and powerhouse structures. Movement of the 
penstocks proper is effectively limited by fins welded 
to them and embedded in the encasing concrete. 

Movement of the intake structure in relation to the 
powerhouse may occur through load fluctuations at 
different water surface levels. The expansion joints 
provide for 3 in. vertical and } in. horizontal move- 
ment. These movements have been calculated by the 
U.S. Bureau of Reclamation on the basis of an 
assumed modulus of elasticity of the foundation. 

Original design had the intake and powerhouse 
structures close together and with parallel axes, with 
one expansion joint for each penstock. The un- 
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expected foundation conditions encountered led, how 
ever, to separating both structures by a small angle. 
The penstocks differ consequently in length, No. | 
being almost 300, and No. 5 167 ft. Three expansion 
joints are mounted in No. 1, one in No. 5, and two 
in each of the other penstocks. The joints consist of 
heavy inner and outer sleeves, with two stuffing boxes 
containing lubricated flax packing compressed by 
packing glands. The inner sleeves are nickel coated 
on the outside to ensure free movement and prevent 
corrosion. 

Six of the joints have a 264 in. centre piece holding 
the packing gland bolts, and rods around the peri- 
meter serve as ladders for the workmen tightening 
these bolts. The four remaining joints have only a 
14 in. wide centre piece; these latter joints permit 
slightly less movement and are much lighter in weight. 
Each joint is enclosed in a concrete chamber and is 
thus not exposed to the direct rays of the sun. Eighty 
packing gland bolts will exert pressure on the lubri- 
cated flax packing of the stuffing box on either side 
of the joint. The packing gland bolts are to be period- 
ically tightened to ensure a leakproof fit. 

The ten joints were made at a yard near the dam, 
and moved by trucks to the dam where they were 
unloaded and set in place by cranes. Actual position- 
ing involved an intricate system of jacks and other 
equipment, and was rendered more difficult by the 
fact that the centre line of some of the joints were as 
much as 20 degrees from horizontal. (“Engineering 
News-Record,” Vol. 144, No. 17, April 27, 1950, p. 35, 
1 p., 3 ff.). 


Simplifying the Representation of 
Water-power Plants in Small-scale 
Models 


Most laboratories have now recourse to small-scale 
models when working out, in its various details, the 
arrangement of a water-power plant. To fulfil ade- 
quately its purpose the small-scale model must satisfy 
the following essential requirements:— 

Determination, as accurately as possible, of the 
evacuation capacity of the structures so as to ensure 
the security of the plant while reducing the volume of 
the constructional work to a minimum; 

Most careful working out of a system of arrange- 
ments to prevent scouring to any extent which may 
endanger the stability of the structures; 

A thorough investigation of the water supply of the 
plant, and, as the case may arise, of the discharge into 
the tailrace. 

This last requirement involves, among other diffi- 
culties, the necessity to reproduce to scale the flow 
conditions created both upstream and downstream by 
the presence of the turbine and its ancillary equipment. 

The article deals, on the main, with the upstream 
problem, that is to say with the questions connected 
with the structures between the intake and the runner. 
As to the intake structures proper, their accurate 
determination is the essential aim of that section of 
the tests concerning the water supply of the plant; 
this means that these structures must be accurately 
reproduced to scale. It is obvious, however, that there 
can be no question in this connection of representing 
the turbine in all its details, or of creating a resistance 
torque which will permit the regulation of its speed; 
such a solution, which would involve great difficulties 
and heavy costs, does not appear to be indispensable 
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from the technical viewpoint. On the other hand the 
shape of the casing, and the characteristics of the 
runner are determined by the manufacturer, and 
alterations or improvements to these components 
would be out of the question in such tests. A simplified 
reproduction of the turbine must therefore be allowed 
and the problem to be solved by the builder of the 
model is to ascertain the extent to which this simplifi- 
cation can be carried out. 

From the outset it must be quite clear that the 
solution of this problem might vary from case to case. 
In some instances the setting-up of an accurate model 
of the turbine may prove unavoidable while in others 
simplification may be carried out to a considerable 
extent without altering the character of the pheno- 
mena under investigation. In most cases it will be 
found possible to adopt a solution combining economy 
with technical accuracy. If the casing and the runner 
have no great influence on the supply flow, simplifica- 
tion is possible to a very wide extent, e.g. a simple 
opening fitted with a valve permitting the regulation of 
the discharge of the turbine according to the corres- 
ponding head. We have such an instance in the case of 
the preliminary tests applying to the Testour Sidi 
Salem Dam on the Medjerdah in Tunis: the casing 
was preceded by a fairly long head-race which had a 
considerable influence on the supply flow. While the 
head-race was accurately reproduced the casing and 
runner were simply represented by a valve discharging 
into a tank from which the draft tube started. 

Unfortunately the converging head-race is, in most 
instances, too short to enable only a valve to be fitted 
at the end, and it then becomes necessary to reproduce 
the shape of the casing and to simplify more or less 
the representation of the turbine. The solution 
generally adopted by the Laboratoire Dauphinois 
d’Hydraulique consists in the first place in building a 
cement casing almost similar to the actual casing. As 
to the turbine proper, if it is impossible to reproduce 
it accurately in the small scale of the model there is 
a wide margin for simplification. For instance it is 
frequently possible to represent the turbine by a 
circular valve controlled by a handwheel and threaded 
rod; this arrangement should however be accurately 
gauged before proceeding with the tests so as to enable 
the discharge of the plant to be regulated according 
to the head applied. 

This type of simplified representation is simple and 
economical, but the flow in the model of the turbine 
casing differs by a considerable extent from the flow 
occurring in actual practice. For instance, the gyratory 
movemert of the water is hardly noticeable in the 
model, though it can be induced by fitting a set of 
small guiding blades at a convenient angle on to the 
valve. This solution of a rough reproduction of the 
casing, and of a valve representing the turbine is the 
one most frequently applied in the Laboratoire 
Dauphinois d’Hydraulique, and was adopted for the 
preliminary tests of the Seyssel (Rhéne), La Vanelle 
and Saint-Hilaire (Isére) installations. 

The arrangement has proved satisfactory in many 
instances but it has the inconvenience of allowing the 
water to flow freely over the valve and throughout 
the whole casing. If a more accurate reproduction of 
the flow at the intake of the unit is required the valve 
can be replaced by a piston moving in a cylinder 
provided with holes at a height corresponding to that 
of the distributor. This cylinder, which runs vertically 
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through the whole height of the casing, forces the 
water to revolve around it; the piston is controlled 
in the same way as the valve previously described. 
This arrangement has been adopted for the 1 : 60 
model of the Donzére-Mondrangon plant, in which 
the problem of the water supply is particularly im- 
portant and difficult. 

Reproduction of water-power plant in small-scale 
models presents great difficulties, but the builders of 
such models should always keep in mind the ultimate 
aim of their investigations, and the conditions to be 
faced. The ideal solution is, of course, a model 
giving an adequate degree of accuracy with the 
greatest simplicity in design. (Article contributed by 
“ Laboratoire Dauphinois d’Hydraulique,” Grenoble, 
France, to “La Houille Blanche,’ Vol. 5, No. 2, 
March-A pril 1950, p. 148, 6 pp., 9 ff.). 


Shasta Dam 

Dedicated 

The Shasta Dam, three times as high as Niagara 
Falls, and stretching for three-quarters of a mile across 
the Sacramento Valley, in northern California, was 
dedicated on June 17 by President Truman, in absentia, 
to California’s pioneers of vision and courage. One 
of the largest and highest concrete dams in tie world, 
it holds back 4m. acre feet of water, and is second 
only to the Grand Coulee, on the Columbia River in 
Washington, which the President dedicated in person 
a few weeks ago. 

The new dam, which took 12 years to build, is a 
key unit in California’s Central Valley project, the 
ultimate cost of which is estimated at $2,000m. Water 
from it will be used in part to help irrigate about Im. 
acres of farmland lying between the mountains of the 
coast range and the Sierra Nevada, and in part to 
generate 375,000 kilowatts of electricity to supplement 
the 75,000 kilowatts produced by the Keswick Dam 
a few miles below it. 

Other purposes for which the dam was constructed 
are to provide a regulated flow of the Sacramento 
River for the improvement of navigation, to protect 
the rich lands of the delta from salinity, and to provide 
a bulwark against floods for the riverine farms and 
towns. The lake created by the 602 ft. high dam is 
35 miles long. It is fed by the Sacramento, Hit, and 
McCloud rivers. (From The Times, London.) 





Faster and More Accurate 
Predictions 


ELectronic computers to give a television-like 
picture of how water behaves may help make possible 
more efficient use of water power, according to 
engineers at the Massachusetts (U.S.) Institute of 
Technology. Under a special grant from the Research 
Corporation of New York, the hydraulics division of 
the civil engineering department is studying possible 
applications of computers to make hydraulic engineer- 
ing predictions faster and more accurate. 

Out of the work may come new ways of predicting 
accurately and rapidly the behaviour of water in all 
kinds of complicated systems; such detailed studies are 
not economically feasible by conventional methods. 
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Using these computers immediate solutions to 
several flow problems—the rise in a river below a 
reservoir when a flood crest enters the reservoir from 
above, for instance, have been demonstrated. To 
calculate this flooding effect requires considering the 
size and shape of the reservoir and its outlet, as well 
as the amount of water coming in. The calculation is 
performed by an array of interconnected electronic 
computers which, connected together in various ways 
can be made to give the answers to a great variety of 
specific mathematical problems. 

Typical water behaviour problems of practical 
importance occur in every-day operations of hydro- 
electric plants. When the gate on a pipe to a turbine 
is opened the effects throughout the water system and 
the plant’s electric network may be widespread, im- 
portant, and difficult to predict. There is complication, 
too, in keeping the water pressure to a hydro-electric 
generating unit constant as the power load or genera- 
tor speed changes. 

Now there is the possibility of using computers to 
obtain a scientific and relatively inexpensive solution 
to such problems. The result may be better perform- 
ance at less cost in future hydro-electric installations. 
The first problem for detailed study is the behaviour 
of surge tanks. In a longer view computers may be a 
meeting ground for electrical and hydraulic engineers 
working on hydro-electric generating problems. 
Hydraulic engineers have generally made their turbine 
studies on the assumption that the electric load on the 
plant remains always unchanged. Likewise, electrical 
engineers have assumed that the hydraulic part of the 
problem is a basic constant. In actual practice, the 
two are variable and inter-related; changes in the 
electrical load affect the hydraulic system and, in turn, 
changes in the hydraulic system affect the electric 
power output. This inter-relation is not easily cal- 
culated by conventional methods, and it is hoped that 
the use of computers on such problems will go beyond 
the simple calculations now economically feasible. 


**On the Development 
of Water Power ” 


In this book Messrs. Gilbert Gilkes and Gordon 
have provided in excellent form a great deal of 
elementary information which must obviously be of 
considerable use to those contemplating the installa- 
tion of small and medium sized water power plants, 
and who have not yet had experience of hydro- 
electric development and operation. Simple and 
straightforward methods for the measurement of head 
and flow of water are given, and a considerable section 
of the book is devoted to the choice of types of turbine 
for special applications. 

Water turbine efficiencies are dealt with and some 
details of modern methods of construction are given, 
and illustrated very simply by photographs and 
diagrams. Various methods of governing are set out, 
and after brief reference to power recovery turbines 
and remote controlled hydro-electric sets, a section on 
pipelines, foundations, and other ancillary equipment 
concludes the main portion of the book. It should be 
of great use both to the non-technical and technical 
reader, and in our opinion is one of the best manual- 
cum-catalogues that any British or continental firm 
has yet produced. 
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Contractors’ Notes 


The British Thomson-Houston Company.—Four 
44,400-kKVA 11,000-volt a.c. generators of the vertical 
type have been ordered by the State Hydro-Electric 
Dept., Wellington, New Zealand, for the new Roxburgh 
Power Station in South Island. Each generator will 
be driven at 136.5 r.p.m. by a 60,000-h.p. water- 
turbine, which will be manufactured in Canada. The 
overall diameter of the machines will be about 30 ft., 
and the total weight 350 tons each, of which the rotor 
alone will weigh 180 tons. The stators will be shipped 
in the largest sections which it will be possible to 
transport to site. B.T.H. obtained the contract 
through their representatives, the National Electrical 
and Engineering Company, New Zealand, in the face 
of world-wide competition, and will manufacture the 
generators and ancillary gear in the Rugby works, 
which are specially equipped for the design, manufac- 
ture and testing at full-load of large plant. The value 
of this contract is over-half-a-million pounds sterling. 


The English Electric Company.—It is announced 
that the company has bought a controlling interest in 
the John Inglis Company of Toronto, Canada, of which 
the English Electric Company of Canada is a wholly- 
owned subsidiary. The sum involved is in the region 
of £750,000. The English Electric Company of 
Canada manufactures electrical machinery at St. 


Catherine’s, Ontario, and has had cordial commercial 
and manufacturing relations for many years with the 
English Electric Company in the United Kingdom. 
The John Inglis Company manufactures heavy en- 
gineering products as well as a variety of consumer 


appliances. 

The linking of the wide resources in research and 
engineering in the United Kingdom to manufacturing 
facilities in the Dominion under Canadian manage- 
ment will play an important part in Canadian delevop- 
ment. Both companies believe that this strengthening 
of the link between the electrical and allied industries 
of Canada and the United Kingdom will contribute 
powerfully to the revival and expansion of reciprocal 
Anglo-Canadian trade, which is the aim of both 
countries. It will also influence the maintenance of 
stable employment both in Canada and in the United 
Kingdom. 

This purchase is an important step in extending the 
English Electric Group’s relationship with overseas 
countries. It already has factories in South Africa and 
Australia. 

Mr. John Taffs, publicity manager for The English 
Electric Company, retired at the end of June, after 
45 years service. He served on almost all the bodies 
concerned with engineering publicity, and on his 
retirement he relinquishes the chairmanship of the 
B.E.A.M.A. Publicity Committee, of which he has 
been a member since its inception in 1924. 

Mr. Taffs is a member of the executive and financial 
committees of the Incorporated Society of British 
Advertisers, and he was among the first to work for 
standard page sizes in technical journals. 

The General Electric Company.—The appoint- 
ment of Mr. M. R. Neville, M.C., M.A., A.M.LE.E., 
as manager of the publicity organisation of the com- 
pany is announced. He will succeed Mr. C. Pinkham, 
who retired on June 30. 
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Mr. Neville was educated at the William Ellis 
School and entered Peterhouse, Cambridge, as a 
scholar, where he gained an honours degree in 
mathematics. He served in the first world war and 
came to the G.E.C. in 1919 under Lord Hirst’s ex. 
officer’s training scheme. 


Gilbert Gilkes and Gordon Ltd.—Orders have re- 
cently been received for water turbine plant from 
Bombay, Madras and Bhutan, in India, South Africa, 
Ethiopia, Iceland, Malaya, Tanganyika, Ceylon and 
the Belgian Congo. One of the more interesting 
orders, placed through the Colonial Development Cor- 
poration, was for two 466-b.h.p. Pelton wheels under 
heads of 830 feet, running at 1,000 r.p.m. and direct 
coupled to 3-phase alternators. These machines are 
to form the basis of a hydro-electric scheme in the 
island of Dominica, in the West Indies. 

Another was from the Lanarkshire Joint Water 
Committee, to instal two Gilkes patent Turgo impulse 
wheels, complete with alternators, switchgear and 
pipework. A feature is that, whereas these water tur- 
bines will develop 94 h.p. under a net head of 125 feet, 
they will also be required to develop the maximum 
possible horse-power when the head of the reservoir 
has dropped as low as 61 feet. Due to the extremely 
high part gate efficiency of Turgo impulse wheels the 
demands can be met quite comfortably. These tur- 
bines operate with the reservoir compensation water 
and must pass a constant volume of 44 million gallons 
a day under all head conditions. 


CASTELO DO BODE 
Under the technical direction of Pauling & Co. Ltd., 
the following firms have supplied civil engineering 
plant and equipment for the Castelo do Bode hydro- 
electric scheme, which was described in our last issue. 
The British Ropeway Engineer- 
ing Co. Ltd. 
Aveling Barford Limited - 
Blaw Knox Limited - - 


- Ropeways and conveyors 

- Dumpers 

- Batching plant, 

silos, activators 

- Cranes, derricks 
Draglines, cable excavators 

- Narrow gauge track 

- Screens 

- Diesel locomotives 

- Cement mixers 


cement 


Butters Bros. & Co. Ltd. - 
John M. Henderson & Co. Ltd. 
Robert Hudson Limited 
Frederick Parker Limited 
Ruston & Hornsby Limited 
Stothert & Pitt Limited 


Orders have been received by Frederick Parker 
Ltd., of Catherine Street, Leicester, England, for two 
40-ton mobile asphalt-making plants to be used in 
the preliminary work on the Snowy Mountains hydro- 
electric scheme in Australia. 





CLASSIFIED ADVERTISEMENT 


THE HYDRO-ELECTRIC COMMISSION, TASMANIA 
NIVE POWER DEVELOPMENT 
AUTOMATIC VALVE FOR TUNGATINAH PIPELINES 


Tenders, endorsed “CE 192,” will be received by the Sec- 
retary, Hydro-Electric Commission, Hobart, until noon on 
Tuesday, Ist August, 1950, for the supply and delivery of 
five (5) 90-inch diameter automatic self-closing valves for 
the Tungatinah Pipelines. 

The valves will be required to operate under a normal 
static head of 110 feet, each to pass 375 cubic feet per second 
and to withstand a maximum operating head of 225 feet. 

Specifications are obtainable from the Agent General for 
Tasmania, 457 Strand, London, W.C.2, for a fee of Two 
Pounds, Two Shillings (£2/2/-) returnable upon receipt of a 
bona fide tender. 
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